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Abstract 
The present report deals with the measurement of fall-out radioac-
tivity in Denmark in 1 973. Strontium-90 was determined in samples from 
all over the country of precipitation, soil , ground water, stream and lake 
water, sea water, grass , dried milk, fresh milk, grain, bread, potatoes, 
vegetables, fruit, total diet, drinking water, and human bone. Further-
90 
more Sr was determined in local samples of air, rain water, grass , sea 
plants, fish, and meat. Caesium-1 37 was determined in soil, sea water, 
milk, grain products, potatoes, vegetables, fruit, total diet, and meat, 
137 
and Cs was measured by wholebody counting in persons from a control 
group at Risø. Estimates of the mean contents of radiostrontium and radio-
caesium in the human diet in Denmark inl 973 are given. The Y-background 
was measured regularly at locations around Risø, at ten of the State ex-
perimental farms and in an area in Zealand, one in Jutland where future 
nuclear power plants might be located, and along the shores of the Great 
Belt. Finally the report includes, as previously, regular purveys of en-
vironmental samples from the Risø area. 
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ABBREVIATIONS AND UNITS 
F P 
pCi 
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PH: sea plants 
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, drain water 
: waste water 
: precipitation 
: milk 
Fission products Samples : 
picocurie, 1 0" Ci, HiiCi 
_9 
nanocurie, 10 Ci. mj»Ci 
-3 
mill icurie, 10 Ci 
maximum permiss ible concentration 
counts per minute 
disintegrations per minute 
counts per hour 
micro-roentgen, 10" roentgen 
pCi 9 ° S r / g Ca 
observed rat io 
P C i 1 3 7 C s / g K 
ver tebrae 
male 
female 
natural (stable) Sr 
equivalents >ig uranium: activity as from 1 »tg U (~ 90 d/h) 
equivalents mg KCl: activity as from 1 mg KCl (~0. 88 d/min) 
standard deviation: 
standard e r r o r : 
upper control level 
lower control level 
one standard deviation due to counting 
2 
sum of squares of deviation; £ (x-x,) 
degrees of freedom 
the variance 
the ratio between the variance in question and the 
residual variance 
probability fractile of the distribution in question 
coefficient of variation, relat ive standard deviation 
analysis of variance 
relative standard deviation 20-33% 
relat ive standard deviation ) 33%, such resu l t s a r e not 
considered-significant different from zero activity 
1. INTRODUCTION 
1 . 1 . 
The present repor t is the seventeenth of a se r i e s of periodical repor t s 
(cf. ref. 1) dealing with measurements of radioactivity in Denmark. 
The programme is nearly unchanged as compared with 1 971. We have 
however cut down the number of sample locations for fresh milk, total food 
and bread to one town in each of the eight zones compared with six towns 
previously. The sampling in Copenhagen continues. 
1.2. 
2-4) The methods of radiochemical analysis ' and the s ta t is t ical t reatment 
5) 
of the resul ts ' a r e st i l l based on the principles established in previous 
r epor t s ' . 
1.3. 
The repor t does not include detailed tables of the total p-measurci .-ents 
from the environmental control of the Risø s i t e . These tables a r e available 
in the form of microcards at the l ibrary of the Danish Atomic Energy Com-
mission at Risø. 
1.4. 
The repor t contains no information as r ega rds sample collection and 
analysis except in the cases where these procedures have been altered. 
1. D. 
In 1 973 the personnel of the Environmental Control Section of the Health 
Physics Department consisted of one chemist , ten laboratory technicians, 
two sample col lec ters , and two d i shwashers . As in previous y e a r s , i m -
portant ass is tance was rendered by the Section for Electronics Development, 
not only in the maintenance of the counting equipment, but also in the in te r -
pretation of the Y-spectra. The programme (cf. 2) used in the cal-
90 
culations oi Sr and the Y-analysis as well as the program for data t rea t -
ment31 ' we re developed by the Section for Elec t ronics Development. 
[ 
1.6. 
The composition of the Danish average diet used in this report is iden-
tical with that proposed in 1 962 by Professor E. Hoff-Jørgens en, Ph.D. 
2. ORGANIZATION AND FACILITIES1 * 6 » 7 ' 8* 
We now have 3 Ge(Li)-detectors each connected to a 1024-channel 
analyzer. The 8 inch Nal(TL) detector used for whole body measurements 
and 4 detectors for alpha spectrometry are connected to a forth 1024 channel 
analyzer. 
A computer program.STATDATA 16 for the treatment of the results of 
this report (and results from several other projects) is under development. 
The program will check and store the data, produce lists, tables rnd plots 
and call separate programs for analysis of variance and regression etcet-
era. The principle for the registration of data is an assignment of 6 param-
eters to each result or set of multiple results. The parameters used are: 
Isotope (or code for V-background etc.) 
Sampling date 
Sample specimen type 
Sampling location 
Quality of measurement (relative standard deviation) 
Unit of results 
ft 
followed by: 
Number of results 
Results, 
Up to now approximately 15000 sets of results have been registered 
covering the period from 1 957; a similar number of results, however, is 
still unregistered. A detailed description of the program will be published 
later. 
3. RISØ ENVIRONMENTAL MONITORING IN 1 973 
3 . 1 . Gross p-Activity 
3 . 1 . 1 . Sea Water 
Fig. 3.1.1.1 shows the sample locations in Roskilde Fjord. Fig. 3 . 1 . 1 . 
shows the control chart for H I. The yearly mean for H I in 1 973 was 55 eqv. 
mg KCl/2. 5 g (in 1 972: 56), for H in-VI: 55 eqv. mg KCl/2. 5 (in 1 972: 58) 
and for H VII-X: 56 eqv. mg KCl/2. 5 g (in 1 972: 56). Fig. 3 . 1 . 1 . 3 shows 
the mean levels of radioactivity in sea sal t s ince 1 957. 
Fig. 3.1.1.1. Roaklld« Fjord. 
I 
11 
tq« mg KCI/25g salt tqvmg KCI/25gsatt 
20 
w 10 
HW-X 
UCLW 
» 
1
 1 r — i 1 1—i i i—- r -—r—i 
J c M A M J J A S 0 N D 
Fig. 3.1. t. 2. Control chart for HI, 1973 
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3 .1 .2 . Soil 
F igs . 3. , . 2.1 and 3 . 1 . 2. 2 (the coloured map) show the sample locations 
for land samples in the environment of Risø. 
The yearly mean for J I in 1 973 was 1 31 eqv. mg KCl/3. O g soil (in 
1 972: 1 38), for J II-HI: 130 eqv. mg KCl/3 .0 g (in 1 972: 140). Fig. 3 .1 .2 .3 
shows the mean levels of radioactivity in soil since 1 957. J IV-V were not 
sampled in 1 973. Since July 1 973 the soil programme has been replaced by 
Y-background measurements (cf. 8 .4 .2) . 
Fig. 3.1.2.1. The Ris8 Research Establishment. 
13 
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Fig. 3 .1.2.3. Mean radioactivity in soil, 1957-73 
3 . 1 . 3 . Air 
Fig . 3 . 1 . 3.1 shows the diagram for F P activity in a i r samples in 1 973. 
3 
The mean value for the year was 0.08 eqv. mg KCl/m as compared with 
0. 20 eqv. mg KCl /m 3 in 1 972. 
Fig . 3.*1. 3. 2 shows the mean F P levels in a i r since 1 957. 
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Fig. 3.1 .3.2. Mean radioactivity in air, 1957-73 
3 . 1 . 4 . Bed Soil From the Fjord 
The mean activity in bed soil B I was 1 60 eqv. mg KCl/3.0 g ash in 
1 973 as compared with 1 34 eqv. mg KCl/3.0 g in 1 972. Fig. 3 .1 .4 .1 shows 
the mean levels for B I since 1 957 (cf. also 3.4). 
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Fig. 3.1.4.1. Mean radioactivity in bed soil, 1957-73 
15 
3 . 1 . 5 . Fish 
No fish samples from Roskilde Fjord were measured for total p-activity 
in 1 973. 
3 . 1 . 6. Grass 
The mean values were in 1973 for PG I: 7 eqv. mg KCl/0.1 g grass 
ash (in 1 972: 21), for PG H-HI: 4 eqv. mg KCl/0.1 g (in 1 972: 15) and for 
PG IV-V: 14 eqv. mg KCl/0.1 g (in 1 972: 14). Fig. 3 .1 .6 .1 shows the 
mean activities in grass ash since 1957. 
sot 
SO' 
lo-
s' 
« * K | IC I / t i t f a * 
t. > K I 
+ P* t-a 
. re * * 
• * 
f 
S 7 S » » t 3 t 1 M t 3 H » l t l ? M M 7 0 7 1 72 79 
Fig. 3,1.6. t . Mean F>'-radioactivity in grata aeh, 1957-73 
3 . 1 . 7. Sea Plants 
The mean FP level in 1 973 in Fucus vesicolosus (PH I) was 12 eqv. mg 
KCl/0.1 g ash (6 in 1972). In Zostera marina (PH HI-DC) we found 2 eqv. 
mg KCl/0.1 g ash in 1 973 (2 in 1 972). 
16 
3 .1 .8 . Freshwater 
Fig. 3 .1 .8 .1 shoivs the control chart for S (cf. fig. 3 . 1 . 2. 2). The 
yearly means for D I, D II, D IV, and S in 1 973 were 49 eqv. mg KC1/1 
(1972: 24), 14 eqv. mg KC1/1 (1972: 14). 38 eqv. mg KC1/1 (1972: 17), and 
31 eqv. mgKCl/1 (1972: 37) respectively. Fig. 3 . 1 . 8 . 2 shows the activity 
in drainage water (D) and sewage water (S). 
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Fig. 3 .1 .8 .1 . Control chart for sewage water (S), 1 973 
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Fig. 3.1.8.2. Mean radioactivity in fresh water, 1 958-73 
3 . 1 . 9. Rain Water 
Figs. 3 . 1 . 9.1 and 3 . 1 . 9 . 2 show the specific FP level in and the total 
fall-out from rain water collected daily at Risø in 1 973. The total fall-out 
in 1 973 was mersured at 0.01 7 • 106 eqv. mg KCl/m2 , and the annual mean 
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17 
concentration in rain water at Risø was 30 eqv. mg KCl/1. In 1 972 the cor-
responding figures were 0. 031 • 1 0 and 67 respectively. 
Fig. 3. 1. 9. 3 shows the specific activity in rain water since 1 957. 
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Fig. 3 . 1 . 9 . 1 . Concentration of p-activity in precipitation in 1 973 
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Fig. 3 . 1 . 9. 2. Total fall-out from precipitation in 1 973 
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Fig . 3 . 1 . 9 . 3 . Specific activity in precipitation, 1957-73 
3. 2. Radiochemical p-Analysis 
3.2.1. Air 
The "big air sampler" described in Risø Report No. 23 has a shunt 
through which we determine the air volume. As in 1 971 and 1 972 we ana-
lysed both the shunt filter (I) and aliquots cut out from the main filter (II) 
to see whether the activity levels were the same in the two Altars. As 
I/H * 1.22 - 0.16 (1 SE), we conclude as in 1 971 and 1972 that the two filters 
showed the same levels. We shall report the mean air activity level for 
1973 as the mean of the two monthly glass-fibre filter collections and the 
daily paper filter sampling: 0.39 - 0.01 pC« ^Sr/10 m3, i. e. 50% of the 
1972 level. The mean peak activity of the three collections in 1973 was 
measured in June to be 0.63 pCi ^Sr/I0 3m . 
Fig. 3. 2.1.1 shows the Sr levels in air since 1 957. 
19 
Table 3.2.1 
Strontiuis-90 i n a i r co l lec ted a t Ris«) in 1973 
pCi 9 C Sr /10 3 * 3 
Month 
Jan. 
Teb. 
Mar. 
Apr. 
Hay 
June 
Ju ly 
Aug. 
Sep. 
Oct. 
Now. 
Dec. 
197 3 
Da i ly a i r f i l t e r s 
Paper 
0 . 2 1 
0 . 3 2 
0 .5S 
0.W9 
0 . 6 6 
0 . 7 1 
0 . 5 3 
0.<tt 
0 . 2 3 
0 . 2 * 
0 .27 
0 . 2 « 
0.H1 
Monthly a i r f i l t e r s 
( g l a s s - f i b r e f i l t e r s ) 
I II 
0.2M 
0.28 
0."»S 
0 .40 
0 .62 
0 .67 
0 .63 
0 .37 
0 .29 
0 .26 
0 .26 
0 .2S B 
0.39 
0.19 
0 .2 t 
0 .43 
0 .«3 
0 . 3 9 A 
0 .51 
0 .24 A 
0 .47 
0 .20 
0 .18 
0 .38 
0 .66 
0 .36 
I : are the normally used shunt f i l t e r s . 
I I : are a l i q u o t s cut out f r o « the » a i n f i l t e r s a l s o 
used for Cs d e t e r m i n a t i o n ( c f . t a b l e 3 . 3 . 1 ) . 
A: R e l a t i v e S . D . : 20-33% 
B: R e l a t i v e S . P . : > 33* 
„ ^ #C. *°*/tf m' 
" t . ' . ' v . v H ' M v . ' W ' i ' * ' * » • » ' « ' 
Fif . t . 2. \ . f . Quarterly ""»r Itnim in **r, f 957-73 
^TdMiitk, 38Br * , 
20 
3 . 2 . 2 . Grass 
90 Table 3. 2. 2 shows the Sr content in g r a s s ash from Zealand in 1 973. 
. 9 0 c The mean Sr activity was 2.1 pCi S r /g ash or 34 S. U. as compared 
with 2. 6 pCi/g ash or 46 S.U. in 1 972, i . e. the 1 973 level was approx. 70% 
90 
of the 1 972 level. F ig . 3. 2. 2.1 shows the Sr levels in g ras s since 1 957. 
Table 3.2.2 
Strontium-90 in grass from Zealand, 1973 
Jan.-Mar. 
Apr.-June 
July-Sep. 
Oct.-Dec. 
Mean 
pCi Sr/g ash 
1.89 
1.95 
2.25 
2.23 
2.08 
pCi Sr/g Ca 
37 
37 
33 
29 
3t 
90« t 0 0 pCi 3USr/gasC, 
50-
10-
5-
69 ' 70 ' 71 ' 72 ' 73 57 58 59 60 61 62 63 6i 65 66 67 6« 
90, Fig. 3. 2. 2.1. Quarterly Sr level« in g r a « a»h, »957-73 
3 . 2 . 3 . Sea Plants 
Fig. 3 .2 .3 shows the S. U. levels in sea plants since 1959 and table 
21 
3. 2. 3 the resul ts for 1972. The level in Fucus vesicolosus was 21 pCi 
Sr /g Ca, and in Zos te ra mar ina we found 3 pCi S r /g Ca. 
pCi ^ S r / g C a 
35 
30 
254 
2(H 
15-J 
1<M 
5-
D Zostera marina 
B Fucus vesicolosus 
m 
/ 
s 
', 
i 
\ 
\ 
> 
•• 
I 
s 
's 
1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 
Fig. 3.2.3. Strontium-90 in sea plants from Roskilde Fjord, 1959-73 
1973 
Table 3.2.3 
Strontium-90 in sea p lan t s from Roskilde Fjor/i in 1973 
July 
July 
July 
Sep. 
Sep. 
Location 
pH III 
pH IX 
PH I 
pH III 
?H IX 
Species 
Zostera marina 
Zostera marina 
Fucus vesicolosus 
Zostera marina 
Zostera marina 
pCi 903r/g Ca 
2.8 
5.7 
20.8 
2.6 
1.3 
pCi 90Sr/g ash 
0.18 
0.31 
1.86 
0,35 
0.19 
mg Sr/g Ca 
13.1 
17.2 
36.5 
11.3 
8.6 
22 
3. 2 .4 . Rain Water 
Table 3. 2.4.1 shows the quarter ly radiostrontium level in rain water 
90 
collected at Risø in 1 973. The total Sr fall-out in 1 973 was 0.10 mCi 
S r /km 2 (551 mm precipitation), and the mean concentration in the rain 
water was 0.1 8 pCi 9 0 S r / l . In 1 972 we measured 0. 34 mCi Sr /km 
90 (467 mm precipitation and 0. 7 pCi Sr /1 , i . e. the 1 973 levels were 27% 
of the 1 972 figures. 
90 Fig. 3. 2.4.1 shows the Sr levels in rain water since 1 959. 
At five sampling locations (1 -5) in zone I (cf. fig. 3 . 1 . 2.1) ion-exchange 
columns collected monthly j amples of precipitation along with the bottle 
collectors. The columns have been described ear l ie r (Risø Report No. 41 ') 
and a re s imi lar to those used in the U. S. A. by HASL \ The purpose of 
tnis e j e c t i o n is to compare the efficiency of the ion-exchange columns 
with that of rain bottles as collectors of fall-out. Table 3. 2 .4 .2 shows the 
resul ts . Fur ther more ra in bottles have collected precipitation in 8 dif-
ferent heights between groundlevel and 120 met res (cf. 8.1). The total 
amount of Sr fall-out in 1 973 measured by the 3 sys tems were: 0.10 mCi 
90 Sr /km , 0 . 1 5 and 0.1 5 respectively. 
Table 3 .2 .4 .1 
Strontium-90 in rain water col lected in rain bot t les 
2 
at Risø in 1973 (sampling area 0.236 m ) 
Month 
J a n . , F e b r . , 
Mar.,Apr. 
May, 
June 
Ju ly ,Aug ." 
Sep. 
O c t . , Nov., 
Dec. 
1973 
mm 
160 
55 
> 221 
115 
> 551 
pCi 9 0 S W 1 
0 . 2 0 
0.39 
<v 0.10 
0.19 
x * 0 .18 
mCi 9 0Sr/kni 2 
0.032 
0.022 
> 0.022 
0.022 
I > 0 .098 
X * l "CW.IO3
 p C i / 1 
Z mm 
T"he b o t t l e s were run over in J u l y and September 
23 
• Fig. 3 .2 .4 .1 . Quarterly ™Sr levels in precipitation, 1959-73 
Table 3.2.H.2 
Strontium-90 in rain water co l l ec ted in ion-exchange 
column co l l ec tors at Risø in 1973 (sampling area 0.325 m ) 
Month 
Jan. - Mar. 
Apr. - June 
Ju ly - Sep . 
Oct , - Dec . 
1973 
son 
90 
87 
17* 
9H 
I «i*5 
pCi 9 0 S r / l 
0 . 3 6 
0.i»6 
0 .32 
0 . 2 1 
x 0 . 3 3 
mCi 9 0 Sr /km 2 
0.032 
o.ouo 
0.056 
0 .020 
I 0 .148 
3.2 . 5. Milk from a farm near Risø 
137, Table 3 . 2 , 5 »hows the radiostrontium and ,%"Ce contents in milk col-
lected in 1973 from a farm near Risø. The mean level was 2 ,3 S. U. as 
compared with 3. 9 S. U. in 1 972. Fig. 3 . 2 . 5 shows the ^ S r levels in 
24 
"Risø" milk since 1 959. The caesium-1 37 mean level was 2. 9 pCi/1 against 
5. 2 pCi/1 in 1 972. 
Table 3.?.S 
Strontium-90 and Caesium-137 in milk from Risø* in 1973 
Month 
Jan. - Mar. 
Apr. - June 
J u l y - Sep . 
Oct. - Dec. 
1973 
**The milk wa 
n e a r e s t t o 
4n pCi S r / g Ca 
2 .5 9 
2."»'» 
1.96 
2 .28 
2 .32 
pCi 1 3 7 C s / g K 
1.68 
l."»8 
2 .58 
1.H9 
1 .81 
pCi 1 3 7 C s / l 
2 .66 
2.U1 
t . 0 9 
2 .51 
2 .92 
s c o l l e c t e d from t h e mi lk-produc ing farm 
Risø 
2 0 ^ pCi M S f / g C a 
tO-i 
3 4 12 34 1231 1234 1234 1234 123« 1234 1234 123 4 1234 1234 1234 1234 1234 
1959 1960 1961 1962 1963 1964 1985 1966 1967 1968 1969 1970 1971 1972 1973 
90 Fig. 3.2.5. Quarterly Sr levels in milk from the Risø neighbourhood 1 959-73 
3. 3. Y-Spectroscopy of Air Samples. 
As in 1962-1 972, half-weekly samples of a i r were collected by means 
of the air sampler described in Risø Report No. 23 \ The half-weekly 
filters were measured on a 30 cm Ge(Li) detector ' . Table 3. 3.1 shows 
1 37 the monthly means of the Cs determinations. The peak value was ob-
90 
served in June (cf. also Sr in a i r , table 3 .2 .1 ) . The mean level in 1 973 
was 34% of the 1 972 mean. The * 3 7 C s / 9 0 S r rat io in air filters was 1.2 in 
1 973 as compared with 1. 7 in 1 972. 
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PCi *°C/ rf 
20-
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1.0-
0 * 
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 "
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Fig. 3 .3 .1 . Caesium-137 in ground level air at Risø in 1 973 
Table 3.3.1 
Caesium-137 in glass-fibre air filters collected 
twice a week at Risø in 1973 
Month 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
1973 
pCi 137Cs/103m3 
0.27+0.08 
0.39+0.07 
0.62*0.13 
0.60±0.C8 
0.81*0.09 
0.93*0.13 
0.58*0.13 
0.50*0.05 
0.13*0.01 
0.11*0.01 
0.32*0.04 
0.30*0.02 
0.17 
Th« error term ia the S.E. of the mean of the 
activity found in 8 or 9 filters collected 
during a month. 
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3 .4 . Y-spectroscopy of bedsoil samples from Roskilde Fjord 
North of the outlet from the Waste Treatment Station (fig. 3 .1 . 2.1) 
bedsoil samples have been collected with a van Veen sampler since 1 972. 
Aliqvots of approx. 2 kg were analysed by Ge(Y) spectrometry. Tables 
3.4.1 and 3 .4 . 2 show the results. As the sample depth is not well defined 
for the van Veen sampler, we analysed a sample collected with a "HAPS" 
1 81 bottom corer for comparison. From table 3 .4 .3 it appears that the van 
Veen collects samples down to an average depth of approx. 4 cm. The 
accumulated amount of Cs down to 21 cm was 26 mCi/km , i. e. 1 / 3 of 
the corresponding soil level (cf. table 4. 2. 5). 
Table 3.4.1 
Caesium-137 in bed soil collected in 
Roskilde Fjord in 1973. (Van Veen sampler) 
Table 3.4.2 
Caesium-137 in bed soil collected in 
Roskilde Fjord in 1972. (Van Veen sampler) 
2 / 5 
30 /5 
2 8 / 6 
2 6 / 1 1 
Mean 
±1 SE 
1 3 7 C s p C i / k g 
305 
433 
388 
267 
348+38 
2 9 / 3 
1 0 / 5 
20 /7 
12 /8 
9 /9 
4 /12 
Mean 
±1 SE 
1 3 7 C s p C i / k g 
159 
273 
367 
374 
412 
352 
373*25 
Table 3.4.3 
Caesium-137 in bed s o i l co l l ec ted in 
Roskilde Fjord in October 1973. (HAPS sampler) 
0-1 cm 
1-2 cm 
2-4 cm 
••-8 cm 
8-21 cm 
Weighted 
mean 
1 3 7 C s p C i / k g 
503 
450 
280 
145 
29 
107 
137 ? 
i J
 Cs mCi/km' 
M.6 
4 . 6 
5.8 
6 .4 
4 . 6 
I ^6.0 
4. RADIOSTRONTIUM AND RADIOCAESIUM IN PRECIPITATION, 
SOIL, AND GROUND WATER IN DENMARK IN 1 973 
4 . 1 . Strontium-90 in Precipitation 
Samples of rain water were collected in 1 973 from the ten State exper-
imental farms (cf. fig. 4 .1 .1 ) in accordance with the principles laid down 
in Risø Report No. 63, p. 51' ' . 
90 Table 4 .1 .1 shows the results of the Sr determinations and tables 
4 . 1 . 2 and 4 . 1 . 3 the analysis of variance of the results. The variation with 
time was highly significant (P ) 99. 95%). The maximum fall-out occurred 
90 
in May-June, when the mean content in precipitation was 0. 74 pCi Sr/1 
(cf. also the air measurements in 3 .2 .1 ) and the mean fall-out rate was 
90 2 
0.042 mCi Sr/km . Tables 4 . 1 . 2 and 4 . 1 . 3 show that the variation be-
tween locations was not significant. The 1973 mean levels for ten State 
an o QA 
experimental farms were 0.19 mCi Sr/km and 0. 31 pCi Sr/1. In Ap-
pendix A the country mean level (area-weighted) i s estimated to be 0. 20 
90 2 
mCi Sr/km for a mean precipitation amount of 630 mm (area-weighted), 
i. e. 43% of the fall-out rate in 1 972. 
A comparison between the amounts of precipitation found in the rain 
gauges used by the Danish Meteorological Institute ' and the amounts col-
lected in our rain bottles at the same locations showed in 1 973 a mean ratio 
of 1.07 - 0.04 (1 SE) between the two sampling systems. 
Table Q.1.2 
On 
Analysis of variance of In pCi Sr/1 precipitation in 1573 
(fro« table ».1.1) 
V a r i a t i o n 
Betw. l o c a t i o n s 
Betw. months 
Remainder 
SSD 
0 . 8 7 2 
1 6 . 3 8 4 
5 .892 
* 
10 
S 
»7 
•
2 
0 . 0 8 7 2 
3 . 2 7 * 9 
0 .12$» 
v 2 
0 . 7 0 
26 .14 
P 
-
>99.<»S% 
Table 4.1.1 
Strontium-90 fall-out in Denmark in 1973 
Period 
J a n . - F e b . 
Mar. -Apr. 
May-June 
J u l y - A u g . 
S e p . - O c t . 
Hov. - D e c . 
1973 
U n i t 
p C i / 1 
m C i / k m 
p C i / 1 
« C i / k m 2 
p C i / 1 
m C i / k m 
p C i / 1 
m C i / k m 
p C i / 1 
mCi /km 
p C i / 1 
• C i / k a i 2 
p C i / 1 x 
m C i / k m 2 I 
•at p r e c i p i t a t i o n I 
T y l s t r u p 
0 . 2 9 
0 . 0 2 8 
( 0 . 3 9 ) 
( 0 . 0 4 7 ) 
0 . 7 1 
0 . 0 4 6 
0 . 3 5 
0 . 0 4 2 
0 . 1 3 
0 . 0 1 3 
0 . 1 8 
0 . 0 2 7 
0 . 3 1 
0 . 2 0 3 
6 5 3 
S t u d s -
g å r d 
0 . 3 2 
0 . 0 3 6 
0 . 3 9 
0.0<*5 
0 . 8 6 
0 . 0 S 6 
0 . 4 9 
0 . 0 3 9 
0 . 1 5 
0 . 0 1 8 
0 . 0 7 
0 . 0 1 9 
0 . 2 8 
0 . 2 1 3 
7 6 3 
Ødum 
0 . 4 2 
0 . 0 2 8 
0 . 5 3 
0 , 0 3 7 
0 . 6 2 
0 . 0 4 2 
0 . 3 8 
0 . 0 4 0 
0 . 1 7 
0 . 0 1 6 
0 . 1 2 
0 . 0 1 7 
0 . 3 3 
0 . 1 8 0 
54 6 
A s k o v 
0 . 3 6 
0 . 0 3 5 
0 . 4 2 
0 . 0 5 1 
0 . 6 3 
0 . 0 6 0 
0 . 2 2 
0 . 0 2 5 
0 . 1 2 
0 . 0 1 5 
0 . 2 1 A 
0 . 0 3 6 A 
0 , 3 1 
0 . 2 2 2 
7 2 3 
S t . J y n -
d e v a d 
0 . 4 1 
0 . 0 3 3 
0 . 4 0 
0 . 0 5 7 
0 . 7 1 
0 . 0 6 6 
0 . 2 7 
0 . 0 5 1 
0 . 1 1 A 
0 . 0 1 8 A 
0 . 1 8 
0 . 0 3 2 
0 . 3 0 
0 . 2 5 7 
8 4 7 
B l a n g -
s t e d g a r d 
0 . 3 2 
0 . 0 2 5 
0 . 2 8 
0 . 0 2 6 
0 . 4 5 
0 . 0 2 2 
0 . 1 2 A 
0 . 0 0 9 A 
0 . 2 5 
0 . 0 2 7 
0 . 1 4 B 
0 . 0 1 8 B 
0 . 2 4 
0 . 1 2 7 
5 3 2 
T y s t o f t e 
0 . 2 9 
0 . 0 2 2 
0 . 4 1 
0 . 0 3 1 
0 . 8 7 
0 . 0 3 2 
0 . 5 4 
O . 0 3 7 
0 . 2 2 
0 . 0 1 9 
0 . 2 7 
0 . 0 1 8 
0 . 3 9 
0 . 1 5 9 
4 1 1 
V i r u m -
g å r d 
0 . 3 2 
0 . 0 2 7 
0 . 3 8 
0 . 0 5 4 
0 . 5 9 
0 . 0 2 5 
0 . 3 2 
0 . 0 5 7 
0 . 3 6 
0 . 0 4 4 
0 . 1 5 A 
0 . 0 2 2 A 
0 . 3 2 
0 . 2 2 9 
7 1 5 
Abed 
0 . 3 1 
0 . 0 2 2 
0 . 4 7 
0 . 0 4 5 ' 
0 . 8 0 
0 . 0 2 7 
0 . 3 4 
0 . 0 2 3 
0 . 1 3 
0 . 0 1 5 
0 . 1 8 B 
0 . 0 2 0 B 
0 . 3 1 
0 . 1 5 2 
4 9 5 
Å k i r k e -
b y 
0 . 3 4 
0 . 0 3 5 
0 . 5 5 
0 . 0 S 7 
1 . 1 9 
0 . 0 4 3 
0 . 2 2 
0 . 0 0 9 
0 . 1 3 
0 . 0 1 3 
( 0 . 1 6 ) 
( 0 . 0 1 8 ) 
0 . 3 5 
0 . 1 7 5 
4 9 6 
L e d r e b o r g 
0 . 2 9 
0 . 0 1 9 
0 . 4 0 
0 . 0 3 1 
0 . 5 6 
0 . 0 3 4 
( 0 . 3 2 ) 
( 0 . 0 2 0 ) 
V 
0 . 5 5 v 
0 . 0 1 4 
0 . 1 0 
0 . 0 1 3 
0 . 3 1 
0 . 1 3 1 
4 2 2 
• 
Mean 
0 . 3 4 
0 . 0 2 9 
0 . 4 2 
0 . 0 4 5 
0 . 7 4 
0 . 0 4 2 
0 . 3 2 
0 . 0 3 3 
0 . 1 8 
0 . 0 2 0 
0 . 1 7 
0 . 0 2 3 
0 . 3 1 
0 . 1 9 
618 
"Ledreborg n o t i n c l u d e d i n mean. A: R e l a t i v e S . D . : 20-33%
 1 2 ) 
_ F i g u r e s i n b r a c k e t s c a l c u l a t e d f r o m VAR3 . 
O n l y O c t o b e r . B; R e l a t i v e S . D . : > 33% 
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Table u.1.3 
... 90_„__2 Analysis of variance of In mCi 90Sr/km' precipitation in 1973 
(from table 4.1.1) 
Variation 
Betw. l o c a t i o n s 
Betw. months 
Remainder 
SSD 
2.937 
5 .876 
5.779 
10 
47 
0.2937 
1 .1751 
0 .1230 
2.39 
9.56 
>97.5% 
>99.95* 
4 . 2 . Strontium-90 and Caesium-137 in Soil 
As in previous years , soil was collected with a view to estimating the 
accumulated fall-out. As previously, the samples were collected in Sep-
tember from uncultivated a reas all over the country (cf. fig. 4 .1 .1 ) , down 
to a depth of 30 cm. Three sample was also collected from 30 to 50 em ' s 
depth. 
Beside samples from uncultivated soils, s imi lar samples were col-
lected from neighbouring cultivated soils to give a comparison between 
levels in the two sets of samples . 
Tables 4.2.1 - 4. 2. 3 show the 9 0 S r resu l t s . The mean values of the 
State experimental farms were 51 m C i 9 0 S r / k m 2 in uncultivated soils and 
47 mCi 9 0 S r / k m 2 in cultivated soi ls . The mean ratios between uncultivated 
and cultivated soils were 1.10 t 0.09 (1 SE) for mCi 9 0 S r / k m 2 and 1. 35 - 0. 24 
for pCi 9 0 Sr /kg . The location at Abed showed the most evident difference 
between the two sets of samples which might be due to the fact that the two 
70 
60-j 
50 
(0 
30 
20 
104 
m C i 9 0 Sr/km2 
* • • 
• t 
1961 1962 1963 1964 1965 1966 1967 1968 1969 19701971 1972 1973 
Fig. 4 . 2 . Accumulated 9 0 S r in Daniah aoil, collected at the State 
experimental farms 1961 -73 {0 - 20 cm) (1 S. E. indicated) 
31 
locations differed much in soil density. The density of the uncultivated 
area was only half that of the cultivated location. 
9 0 2 
The 1 973 levels were nearly equal to the 1 972 figure: 52 mCi Sr /km . 
From precipitation data * ' , the accumulated fall-out in Denmark in 
2 
1 973 was calculated to be 52 mCi /km , i . e . nearly equal to the level found 
in table 4 . 2 . 1 . 
T a b l e 1 . 2 . 1 
c u l t i -
ted 
I t i -
ted 
mCi 
pCi 
mCi 
pCi 
S t r o n t i u m - 9 0 i n 
9 0 S r / k * 2 
9 0 S r / k g 
9 0 S r / k n , 2 
9 0 S r / k g 
T y l s t r u p 
set« 
133*18 
7 1 * 1 
15118 
s o i l co 
S t u d s -
g å r d 
66*6 
190119 
54*6 
122112 
l e e t e d a t t h e s t a t e e x p e r i m e n t a l farms in Sept 
( 0 - 3 0 cm) 
Ødum 
- t l ! 3 
11018 
47*0 
1 1 2 H 
Askov 
54 
131 
4810 
H i l l 
S t . J y n -
devad 
5 6 1 * 
111*10 
13*1 
98*2 
B l a n g -
s t e d g a r d 
47*2 
1301S 
55*1 
13212 
T y s t o f t e 
4010 
79*2 
3110 
8 7 - 1 
ember 1973 
Abed 
51*6 
2 4 2 * 2 8 
30*8 
70*18 
Å k i r k e b y 
4811 
13411 
44*2 
92*4 
Mean 
51 
1 4 0 
47 
109 
SD 
8 
48 
1? 
25 
SE 
3 
16 
4 
8 
Table 4 . 2 . 2 
Stront ium-90 in s o i l c o l l e c t e d from the surroundings o f R o s k i l d e in September 197 3 
( 0 - 3 0 cm) 
U n c u l t i v a t e d 
C u l t i v a t e d 
mCi 9 0 S r / k m 2 
pCi r < 1 Sr/kg 
mCi 9 0 S r / k m 2 
pCi 9 0 S r / k g 
Bolund 
42±2 
190+12 
Ledreborg 
( R o s k i l d e 
Fæl led) 
49±0 
120±0 
55*0 
118 + 1 
Skydebanen 
54 + 2 
178+6 
Mean 
48 
163 
55 
118 
SD 
6 
37 
SE 
3 
22 
From Ødum, Jyndevad, and Abed we also took samples between 30 and 
50 cm, (cf. table 4. 2. 3). It is surpr is ing that on average we found more 
90 2 
than 9 mCi Sr /km at these depths although our precipitation data through 
Table 4.2.3 
Strontium-90 in soil collected at three state experimental farms 
in September 1973 
(30-50 cm) 
U n c u l t i v a t e d 
C u l t i v a t e d 
mCi 9 0 Sr /km 2 
9n pCi Sr /kg 
mCi 9 0 Sr /km 2 
pCi 9 0 S r / k g 
Ødum 
2 . 4 1 0 . 5 
6 . 4 + 1 . 2 
9 . 6 1 1 . 4 
25 +3 
Jyndevad 
17*0 
37*0 
2511 
r-2+7 
Abed 
8 . 8 + 0 . 4 
27 *1 
7 . 8 * 1 . 4 
23 13 
Mean 
9.4 
23 
14 
33 
e
,D 
7 .3 
16 
19 
16 
sr. 
4 . 2 
9 
5 
q 
32 
the years ' indicate that we should have accounted for nearly all deposited 
90 
Sr in the upper 30 cm of the soil column.; As mentioned already in the 
1972 report , the discrepancy might be due to contamination from surface 
soil during the sampling of the deeper layers of the soil . 
Tne determination of 
1 3 7 C s i s shown in tables 4 . 2 . 4 - 4. 2 .6 . The 
Tab> » .? .» 
C*«siu»-137 in soi l co l l ec ted at the s t a t e exper 
la-is c«» 
i m v t a l fare« ir. Septeeber l»73 
Unculti-
vated 
Cult i-
vated 
•c i 1 3 7 c s / - « ' 
pCi 1 3 7 C s / k g 
g " ' * g 
• C i 1 3 7 C s / * E 2 
pCi 1 3 7 C s / k g 
g K'kg 
T y l s t r ' a p 
9» 
2 32 
1 3 . « 
12 S 
265 
1*.7 
STuds -
gaard 
110 
316 
S . I 
1 1 * 
2S« 
6 . ? 
Mu* 
96 
23£ 
1 S . 1 
•a 
l « 
i t . « 
As Vov 
l^ia 
261 
1 5 . 0 
2 t 5 
U . S 
S t . J y » - i l e n g -
d e v a d s t e d g a M 
131 
257 
7 . « 
47 
726 
7 . 2 
SS 
2 3 t 
1*.S 
232 
I t . 3 
T y s t o r ? « 
70 
l i t 
1 ( . « 
77 
".»0 
1«.« 
Abed 
»»* 
1 2 . 0 
7J 
17» 
l t . t 
Å k i r k e b y 
»0 
2*7 
»s 
292 
2 1 . 2 
S e a n 
»7 
1 » . 8 
*7 
27* 
i S . l 
SD 
I t 
t* 
1» 
3t 
S . l 
5~ 
• 
2 1 
I.S 
13 
1.7 
Table » .2 .S 
Caesiua-137 in s o i l co l lected fro« the surroundings -A Roskilde in September 1973 
(0-30 c») 
U n c u l t i v a t e d 
C u l t i v a t e d 
• C i 1 3 7 C s / k « 2 
pCi 1 3 7 C s / k g 
S K/kg 
i»Ci 1 3 7 C s / k o 2 
pCi 1 3 7 C s / k g 
g K/kg 
Bolund 
77 
350 
1 7 . 1 
-
-
-
L e d r e b o r g 
( R o s k i l d e 
F a i l e d ) 
80 
197 
1 9 . 7 
89 
191 
18 .8 
Skydebanen 
86 
285 
1 9 . 7 
-
-
— 
Kean 
81 
277 
1 8 . 8 
89 
191 
1 8 . 8 
SO 
S 
77 
1 .5 
-
-
SE 
•% 
*» 
0 . 9 
-
-
Table t . 2 . 6 
Caesium-13? in soil collected at three state experimental fare« 
in September 1973 
(30-50 cm) 
U n c u l t i v a t e d 
C u l t i v a t e d 
mCi 1 3 7 C s / k m 2 
. 117 pCi ^ " C s / k g 
S tC/kK 
»Ci i 3 7 C s / k » 2 
pCi 1 3 7 C s / k g 
g K/kg 
Ødum 
5 .9 A 
16 A 
I t . 9 
7.«i B 
19 B 
2 0 . 1 
Jyndevad 
7.i» A 
16 A 
8 .0 
23 
K8 
• ••» 
Abed 
I t 
>»2 
1 5 . 8 
8 .2 
23 
1 8 . 3 
Mean 
9 . 1 
25 
1 7 . 9 
1 2 . 9 
30 
1 5 . 6 
Sn 
» . 3 
IS 
» . 3 
8 .8 
16 
6 . 3 
SE 
2 . 5 
9 
2 . 5 
5 . 1 
9 
3 . 6 
A: R e l a t i v e S . D . : 70-33% 
B: R e l a t i v e S . D . : > 33* 
33 
main ratios between uncultivated and cultivated soils were t .00 - 0.06 (I SE) 
for mCi ' 3 7Cs/'km2 and 1.20 * 0.16 for pCi ' 3 'Cs/kg. Considering the 
samples collected from 30 to 50 cm (table 4 .2 .6 ) , we may still notice 
significant levels, also of 'Cs. 
TaM-
peri-t.zp.tal j a r « , '.*''} 
r.calr ivated 
l i l t i v a t e d 
1 - 1 
Tylstrup 
1 . 7 7 
1 . 7 * 
i t -j-:: . 1 -
; . 6 ~ 
2.11 
Zi-^z 
2.10 
1 . 6 7 
( f ro* 
A s k o v 
: . : • • • > 
:.$: 
t a t " . * - - + .2 
S t . ; v n -
i 1 » v a J 
2 . 3 -
^ * ^  
. 1 ar.J - . : 
aiar-g-
sr«-igåra 
: . « > 
: . ?& 
.<•) 
T y - - . , f T « 
1 . 7 5 
: . 2 é 
AS*? 
1 . 4 * 
2 . - S 
A* i r k ' - b y 
1 . * * 
2 . 2 9 
Sear. 
i . s : 
2 . 1 " 
s r 
c : : 
: . i " . 
SE 
i . 07 
: . i c 
137 90 Tables 4 . 2. 7 - 4 . 2 . 9 finally show the C s / Sr ratios in Uie samples. 
1 i 137 90 
As previously ' we find the Cs / Sr higher than the ratio expected from 1 9) fall-out. In a recent Japanese publication the authors found for 15 dif-
I37 90 + 
ferent soil types a mean C s / Sr ratio of 2 .2 - 0.1 (1 SE) which is also 
higher than the theoretical ratio of 1.6 - 1.7. However, there were no 
comments upon this discrepancy. 90 As we believe in our estimate of accumulated Sr fall-out, because our 
precipitation data and soil data are in c'iose agreement through the years, 
and furthermore we have just as much confidence in our Ge(Y) spec tro-
scepical analysis of soil, we are forced to conclude that a sampling error of 
137 go 
the type mentioned above causes the higher Cs / Sr ratios. 
Table *«.2.9 
The rat io Cs/ Sr in s o i l (0-30 cm) co l lec ted fro* th« surroundings of Roskilde, 1973 
U n c u l t i v a t e d 
C u l t i v a t e d 
( f r o * t a b l e s » . : 
Bolund 
1.83 
L e d r e b o r g 
( R o s k i l d e 
F e l l e d ) 
1 .63 
1.62 
.2 and » . 2 . 5 ) 
Skydebanen 
1.59 
l e a n 
1.8? 
1.62 
'"O 
o.n 
r.E 
0 . 0 7 
Table t . J . 9 
The rat io Cs/ Sr in so i l (30-50 cm) from t r.ree s ta t* experimental farms, 1973 
(froa tables H.?.3 and « , 2 . 6 ) 
U n c u l t i v a t e d 
C u l t i v a t e d 
Ødum 
2."»6 
0 . 7 7 
Jyndevad Ab»d 
O.H* 1.59 
1.92 1.05 
_ 
Mean 
1.50 
C » l 
r- p 
1.01 
0.1« 
s.r.. 
n.sfl 
".•IS 
Fig. 4.3.»• Ground-water sampling location« in Denmark. 
• A i M i M å ^ É M a H I I 
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4. 3. Strontium-90 in Ground Water 
As in previous yea r s , ground water was collected in March from the 
nine locations selected by L . J , Andersen, M. S c . , Geological Survey of 
Denmark, in 1 961. 
Fig. 4 .3 .1 shows the sample locations and table 4 ,3 .1 the resul ts of 
90 the Sr analyses (cf. also 5 .8 .4) . 
90 The median level of Sr in 1 973 was approx. half the level found in 
1 972. Fig. 4 . 3 . 2 shows the median levels in Danish ground water since 
1961. 
Table <*.3.1 
Strbnt 1UBI-90 in ground water c o l l e c t e d in March 1973 
Hvidsten 
Feldbak 
Rømø 
Rønne 
H a s s » l ø 
F å r e t o f t e 
Ka lundborg 
RavnhøI t 
F r e d e r i c i a 
Mean 
•Median 
A: r e l a t i v e S 
B: r e l a t i v e S 
9 0 3 r p C i / l 
0 . 0 0 1 B 
1.18 
0 .022 
0 . 0 2 1 A 
O.001 B 
0 .003 A 
0,U0U 
0 .006 A 
0 .020 B 
0 .140 
0 .006 
, D . : 20-33% 
, r . : > 33% 
g Ca/1 
0.058 
o . o ; <4 
0 .028 
0 .023 
0.1R1 
0 .129 
0 .081 
0 .127 
0.0S5 
0 .076 
O.OSH 
mg S r / g Ca 
2.28 
1.30 
2 .95 
2 . IS 
1.75 
1,00 
3.90 
0 .80 
2 .55 
2 .08 
2 .15 
pCi • 
ao4 \ 
003 
002 
001 o 
w Sr / l 
o 
o 
61 62 83 64 65 66 6? 68 69 70 71 72 73 
tit. 4 .3 ,1 . Modi« W Sr levBto in DanUh ground water, 1981 -73 
36 
90 As snown in fig. 4. 3. 3 the Sr levels in ground water from Feldbak 
have shown a marked increase through the years . 
The filtering layer at Feldbak consists of 4-6 m sand, and we may thus 
expect a ra ther low ion exchange capacity compared with the majority of 
other Danish ground water locations, where the depth of strontium in soil 
is about. 20 m or more and where the filtering mater ials normally contain 
clay (cf. Risø Report No. 41 , table 5. 5 ) 1 ' . 
Caesium-1 37 was not detectable in the Feldbak samples . 
pCi 9 0 Sr/ l 
15 + 
1.0+ 
0.5+ 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 
Fig. 4. 3. 3. Strontium-90 in ground water collected at Feldbak 11161-74 
4 .4 . Strontium-90 in F resh Water from Danish Streams and Lakes 
In March 1 973 we repeated the sampling of fresh water from Danish 
s t reams and lakes first ca r r ied out in 1 971 (Risø Report No. 265) ' . 
Comparing the mean levels for the two yea r s , we notice that the 1 973 
90 
levels were a little lower. The s t r eams contained 0. 37 pCi Sr /1 in 1 971 
90 
and 0. 31 pCi/1 in 1 973. The mean levels in the lakes were 1. 50 pCi Sr /1 
90 and 1.29 pCi Sr/1 respectively. However, the difference between the 
levels from the two years was not significant. As the fallout-rate has 
decreased markedly since 1 971, we may conclude that the fresh water 
levels in s t reams and lakes at present do not depend strongly upon the 
37 
actual fal lout-rates , but r a the r on the accumulated levels in the soi l . An 
90 implication of this i s that the Sr contents of f resh-water fish will decrease 
ra ther slowly, just a s was observed for sa l t -water fish. 
Caesium-1 37 was not detectable in the f resh-water samples . 
Table t.U 
ium-90 and Caesium-137 in Danish streams and lakes. March 1973 
St r eam o r l a k e 
Bangsbo å ( s t r e a m ) 
Nors sø ( l a k e ) 
Gudenå ( s t r e a m ) 
Mossø ( l a k e ) 
S k j e r n å ( s t r e a m ) 
F l y n d e r sø ( l a k e ) 
Ribe å ( s t r e a m ) 
Hos t rup sø ( l a k e ) 
Odense å ( s t r e a m ) 
A r r e s k o v sø ( l a k e ) 
Suså ( s t r e a m ) 
A r r e s ø ( l a k e ) 
H a l s t e d å ( s t r e a m ) 
SøndeVsø ( l a k e ) 
Læs å ( s t r e a m ) 
Aim. Gråmyre sø ( l a k e ) 
_ — 
Stream mean ±1 S .E . 
Lake mean ±1 S .E . 
A: r e l a t i v e S . D . : 20-
C o u n t r y p a r t 
N - J u t l a n d 
N - J u t l a n d 
E - J u t l a n d 
E - J u t l a n d 
W - J u t l a n d 
W-Ju t l and 
S - J u t l a n d 
S - J u t l a n d 
Funen 
Fun en 
Zea land 
Z e a l a n d 
L o l l a n d - F a l s t e r 
L o l l a n d - F a l s t e r 
Bornholm 
Bornholm 
3 3% 
pCi 9 0 S r / l 
0 . 3 5 
2 .70 
0 .26 A 
O . " * <t 
0 . 2 5 
0 . 2 3 
0 . 2 1 
1.92 
0 . 3 2 
l.Ui» 
0 .28 
1 .2 t 
0 . 2 5 
1.M7 
0 .55 
0 .91 A 
0 . 3 1 * 0 . 0 4 
1 .29*0 .28 
g C a / 1 
0 .056 
0 .034 
0.054 
0 .073 
0 .027 
0.04 3 
0 .038 
0 .026 
0 .100 
0 .062 
0.058 
0.059 
0 . 1 6 1 
0 .093 
0.074 
0.044 
0 . 0 7 1 * 0 . 0 1 5 
0 .054*0 .008 
mg S r / g Ca 
1.6 
2 .4 
2 .8 
2 . 9 
1.2 
3 . 3 
5 .7 
0.4 
2 . 1 
6 .5 
6 .9 
4 . 2 
4 . 1 
2 . 1 
2 . 2 
0 .7 
3 .3*0 .7 
2 . 8 * 0 . 7 
Symbol 
on map 
( f i g . 4 . 4 ) 
1 å 
1 s 
2 å 
2 s 
3 å 
3 s 
4 å 
4 S 
5 å 
5 s 
6 å 
6 s 
7 å 
7 s 
8 å 
8 S l l 
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Fig. 5 .1 .1. Dried-milk factories in Denmark. 
5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1 973 
5 . 1 . Strontium-90 and Caesium-1 37 in Dried Milk from the Ent i re Country 
As in the previous y e a r s , monthly samples of dried milk were collected 
90 from seven locations in Denmark (cf. fig. 5 .1.1) and analysed for Sr and 
1 3 7 C s . 
90 
Table 5 .1 .1 shows the resu l t s of the S r determinations and table 
5 .1 .2 the analysis of variance of the resu l t s . As in I 972 but contrary to 
previous yea r s the variation between months was significant for S. XJ.; the 
levels in January-May was 27% higher than in June-December. The S. U. 
90 
mean level in 1 973 was 4 . 7 pCi S r / g Ca or approx. 70% of the 1 972 mean. 
As previously, the milk from eastern Denmark shows significantly 
lower levels than that from Jutland. 
Table 5.1.1 
Strontium-90 (pCi/g Ca) in Danish dried milk in 1973 
Month 
J a n . 
F e b . 
Mar. 
A p r . 
May 
June 
J u l y 
Aug. 
Sep. 
O c t . 
Nov. 
Dec . 
Mean 
H j ø r r i n g 
7 . 1 
8 . 1 
6 .2 
6 .0 
6 .2 
4 . 9 
5 . 1 
5 .0 
4 . 8 
4 . 8 
5 . 5 
4 . 6 
5 ,7 
Arhus 
4 . 9 
5 .2 
4 . 4 
6 . 3 
5.4 
4 . 5 
4 . 9 
6 .0 
4 . 8 
5 .3 
5 .2 
4 . 7 
5 .0 
Videbæk 
6 .5 
7 .5 
8 .2 
6 . 0 
4 . 9 
6 . 3 
5 .8 
5.2 
5 .4 
4 . 4 
5 .5 
6 .7 
6 . 0 
A: R e l a t i v e S . D . : 2 0 - 3 3 * 
B: R e l a t i v e S . D . : > 33% 
As 1 l i t r e o f mi lk c o n t a i n s 1 .2 
produced i n 1973 was 5 . 6 p C i / 1 . 
AbenrA 
6 .8 
7 . 3 
S.4 
7 . 7 
£ . 1 
5 .2 
5 . 1 
6 . 1 
5 . 5 
5 . 0 
4 . 6 
( 5 . 3 ) 
5.8 
Odense 
4 . 6 
4 . 2 
6 .2 
3 .5 A 
7.4 A 
3 .5 
3.4 
2 . 9 
2 .8 
3 .2 
3 .1 
3 .5 
4 . 0 
R i n g s t e d 
3 .6 
3 . 1 
3 .7 
3 .9 
3 .7 
3 . 3 
3 .7 
2 . 8 
2 . 5 B 
2 . 4 
3 . 0 
3 . 1 
3 .2 
L o l l a n d - F a l s t e r 
Møn 
3 .5 
3 .8 
3.4 
3.6 
2.9 
2 .9 
3.0 
2 .4 
2 .3 
2.8 
2 .7 
2.2 
3.0 
F i g u r e s in b r a c k e t s c a l c u l a t e d from VAR3 
90 g Ca, t h e mean S r c o n t e n t i n Danish mi lk 
Mean 
5 .3 
5.6 
5.4 
5 .3 
5 .2 
4 . 4 
4 , 4 
4 . 2 
4 . 0 
4 . 0 
4 . 2 
4 . 3 
4 . 7 
17
 K 
40 
Table 5.1.-2 
Analysis of variance of In pCi 3USr/g Ca in dried milk in 1973 
(from table 5.1.1) 
V a r i a t i o n 
Betw. l o c a t i o n s 
Betu. months 
Remainder 
SSD 
6 .389 
1 .323 
1.458 
f 
6 
11 
65 
s 2 
1.0649 
0.1202 
0 .0224 
2 
V 
t»7 .47 
5 . 3 6 
P 
> 9 9 . 9 S % 
> 3 9 . 9 5 % 
Table 5.1.3 shows the results of the "" Cs determinations and table 
5.1.4 the analysis of variance of the results. Contrary to previous years, 
the variation between months was not significant. The M. U. mean level 
in 1 973 was 3. 6 pCi * 3 7Cs/g K or 55% of the 1 972 level. 
Figs. 5.1. 2 and 5.1. 3 show the quarterly S.U. and M.U. values since 
October-December 1 959 (cf. also Appendix C). 
Table 5 . 1 . 3 . 
Caesium-137 (pCi/g K) in Danish dried milk in 1973 
Month 
Jan . 
Feb. 
Mar. 
Apr. 
May 
June 
J u l y 
Aug. 
Sep . 
Oct. 
Nov. 
Dec. 
Mean 
Hjørr ing 
4 . 6 
3 .5 
3 . 1 
5 . 0 
2 . 3 
3 . 3 A 
7 .7 
4 . 7 
5 .3 
3 .6 
4 . 2 
4 . 2 
4 . 3 
Arhus 
4 . 0 
3 . 1 
3 .1 
3 .3 
3 .2 
3 .2 
4 . 1 
6.5 
5.9 
3.2 
3.9 
4 .5 
4 . 0 
Videbask 
6 .2 
4 . 0 
6 .4 
5 .7 
4 . 4 
5 . 8 
8 . 0 
4 . 9 
4 . 9 
4 . 6 
3 .8 
4 . 0 
5.2 
Åbenrå 
6.5 
5.5 
4 . 3 
5 .8 
4 .6 
4 .8 
5.8 
5.5 
5.3 
4 .4 
2 .6 A 
( 4 . 5 ) 
5.0 
Odense 
3 .2 
1.5 
3 .3 
0.8 B 
1 . 8 A 
1 . 6 B 
2 . 2 A 
3 . 6 
1 . 5 A 
2 . 0 B 
1 . 5 A 
2 .9 A 
2 .2 
Ringsted 
1.6 
1.8 
1 .9 A 
2 . 1 
4 . 1 
2 . 5 A 
2 . 8 
2 . 7 
2 . 0 A 
1 .6 B 
1 .6 A 
1 .0 B 
2 .1 
L o l l a n d - F a l s t e r 
MjJn 
3 .0 
2 .6 
2 . 3 A 
4 .0 
2 .1 
2 . 3 
2.4 
1.7 
1.0 B 
1 .3 B 
2 . 2 A 
0 .7 B 
2 . 1 
Mean 
4 . 2 
3 . 1 
3.5 
3 .8 
3 .2 
3 .4 
4 .7 
4 .2 
3 .7 
3 .0 
2 .8 
3 . 1 
3 .6 
137 As 1 l i t r e o f milk c o n t a i n s approx. 1 .66 g K, the mean Cs content i n Danish 
milk in 1973 was e s t i m a t e d a t 6 . 0 p C i / 1 . 
A: nelativ« S . 0 . : 20-33% , , . 
F igures in b r a c k e t s c a l c u l a t e d from VAR3 
B: R e l a t i v e S .O. : > 33% 
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Table S . l . i . 
A n a l y s i s o f v a r i a n c e o f In 1 3 7 C s / g K in Danish 
(from t a b l e 5 . 1 . 3 ) 
40i pC i^Sr /gCo 
30-
20^ 
TO-) 
8 * 
Si 
4 j 
2f lilllMl 
d r i e d milk l^-<3 
V a r i a t i o n 
Betw. l o c a t i o n s 
Betw. months 
Remainder 
SSD 
1 3 . 4 6 6 
2 . 0 6 8 
7 . 7 5 9 
f 
6 
11 
65 
s2 
2.24U3 
0 . 1 8 8 0 
0 .1194 
v? 
1 8 . 8 0 
1 .57 
P 
>99.SS% 
. 
1959 1960 
!50ipCi !37Cs/gK 
4 1 2 3 4 1 2 3*' 1234 1234 1 2 3 * 1234 1234 1234 1234 
5 I960 W81 ran-i «** *""* -"•" " " 1962 1963 1964 1965 1966 1 2 
Pig . 5 . 1 . 2 . Quarterly ^ 
1967 1968 1969 1970 
Sr levels in dried milk, 1 959-73 
Hll l l l l l l l l l l l l l l 
3 4 W H 1 2 4 1 ! 2 3 t ' l T ? ? 1 -1971 
2 3 4 ' 1 2 3 4 1 
'972 im 
'00, 
50-
co; 
30' 
20; 
10; UlballjJlJJlUJlil^ 
i. I J t I t 1 •» ' « « • • » ' • - - • - - - -
llilkiiiia 
?ig. 5 . 1 . 3. Quarterly ' 3 7 C s levels in dried milk, 1 959-73 
MliiJllnli ..In,,. 
4 1 2 3 4 1 2 34 I 2 3 4 1 2 3 4 T " T ? 2 3 ? 
»68 1969 M7ft .0 7. . « , , * \ijr 
'971 1972 1973 
5. 2. Strontium-90 and Caesium-137 in Fresh Milk from the Entire Country 
The samples of fresh milk were collected in the eight zones and in 
Copenhagen (cf, fig. 5. 2.1) in connection with the total-diet collection 
(cf. 5.7). 
42 
Fig. 5 .2 , t . Sample locations for fresh milk, bread and total diet in 1 973 
43 
Table 5. 2.1 shows the resul ts of the determinations of radiostrontium 
1 37 
and Cs in consumer milk. 
90 137 
The production-weighted means for Sr and Cs in Danish consumer 90 
railk in 1 973 collected in June and December were 5. 2 S. U. ("* 6 pCi Sr/1) 1 37 
and 2.4 M.U. or 4 .0 pCi Cs/1 respectively. 
We could contrary to previous years observe no systematic tendency 
for the fresh milk to show lower levels than the corresponding dried milk. 
Table 5 .2 .1 
otrontium-90 and Caesium-137 in fresh milk in 1973 
Zone 
1: \i - J u t l a n d 
1 1 : E - J u t l a n d 
I I I : K - J u t l a n d 
IV: S - J u t l a n d 
V: Funen 
V : : Z e a l a n d 
V I I : L o l l a n d - F a l s t e r 
V I I I : Bornholm 
Mean 
Copenhagen 
f o p u l a t i o n - w e i g h t e d 
mean 
P r o d u c t i o r . - w e i g h t e d 
moan . 
J u n e 1973 
pCl _ S w g L3 
5 . 1 
1.5 
6 . 1 
9 . 7 
3 . 5 
3 . 9 A 
2 . 6 
3 . 7 
i » . 9 
3 . 7 
1 .6 
5 . 1 
1 ^7 pi: i C s / g K 
1.5 A 
3.5 
t . t 
H.3 
2 . 2 
2 . 7 A 
0 
1 .6 A 
2 . 5 
3 . 6 
3 .2 
3 . 1 
pCi " V s / l 
2 . 1 A 
5 .3 
7 . 1 
7 . 1 
3 .6 
» . 1 A 
0 
2 . 5 ft 
1.0 
6 . 0 
5.1 
5 . 0 
December 197? 
TO pCi S r / g Ca 
1.6 
6 . 7 
6 . 5 
3 . 1 
2 . 8 
2 . 2 
3 . 2 
1 .2 
3 . 2 
1 .1 
1 .9 
137 pCi ^ C s / g K 
1.8 A 
1 .3 
1 .9 
2 . 9 A 
1.2 B 
1.6 A 
0 . 9 A 
0 
7 1 
n 
2 . 1 
3 . 2 
pCi i 3 7 C s / l 
3 .2 A 
7 . 1 
a . : 
5 . 1 A 
2 . 1 B 
2 . 3 A 
1 .1 A 
0 
3 . 8 
i.f> 
5 . 5 
A: R e l a t i v e S . D . : 2 0 - 3 3 * 
0: R e l a t i v e S .D. : > 33% 
5. 3. Strontium-90 and Caesium-1 37 in Grain from the Ent i re Country 
As in previous years , grain samples were obtained from ten State ex-
perimental farms (cf. fig. 4 . 1 . 1 ) . Virumgård was replaced by Ledreborg 
in 1 969. Strontium-90 was determined as previously (Risø Report No 
137 
63<> ), 
and Cs was measured on ashed samples by Y-spectrometry on a Ge-
detector, 
90 
Table 5. 3.1 shows the measurements of Sr in grain in 1 973. Ac-
cording to Appendix B, approx, 2/3 of all rye in Denmark i s grown in Jut-
land and 1/3 in the eas te rn par t of the country. As regards wheat, 4 /5 is 
produced in eas tern Denmark and f /5 in Jutland. In the calculation of the 
means in tables 5, 3.1 and 5. 3.4 Jutland i s represented by four rye figures 
and seyen wheat figures, while eastern Denmark contributes nine wheat 
figures and four rye figures. Thus the means in tables 5. 3.1 - 5, 3.4 for 
44 
T d M e S . 3 . 1 
S t r o n t ium-90 i n D a n i s h g r a i n i n 1*373 
T y l s t r u p 
S t u d s g å r d 
Ødum 
Askov 
S t . J y n d e v a d 
B l a n g s t e d g å r d 
T y s t o f t e 
L e d r e b o r g 
Abed 
A k i r k t L y 
Mean 
S y e 
i r— 
?Ci M r ' k g 
7813 
w: t fi * 7 
-
27*3 
w: s"*I 
m-n 
i~*o 
25 *< 
-
1211 
2 6 
S.U. 
85*10 
w: 10715 
-
67*15 
u : 66*5 
36*2 
37*0 
59*" 
-
27*1 
B3 
B a r l e y 
p C i 9 0 S - / k g 
33*1 
7710 
1 3 
30*1 
Skt? 
10*1 
1"*2 
13*0 
1 1 U 
13*1 
20 
S . U . 
80*1* 
59*s 
3 2 
51*0 
8.1*9 
17*1 
27*U 
26*0 
21*0 
26*1 
" 2 
'*fheat 
. . . 90.. . P'_ i b r / kg 
5 : 20*0 
s : " 2 1 2 
w: 36*0 
w: 1?*1 
7 l t* l 
s : "5*0 
w: 12*1 
w: 5*1 
s : 7*1 
w: 15*1 
c: 11*1 
" = i r ! 
s : 9*2 
« : "*0 
L; : i " * 0 
w: 12*0 
1 9 
S.U. 
s : 61*6 
s-. 99*2 
w : 1 0 b * 8 
w: " 1 * 3 
"1*9 
s : 9 9 * " 
w: 23*1 
s : i I * S 
w: "9*2 
s : 79*3 
« : " 3 * 9 
s : 2**5 
w: 1S*0 
s : 3 5 * i 
w: 56±2 
5 8 
O a t s 
90 pCi 3 u S r / k g 
u 8 * l " 
60*2 
23*3 
52*5 
56*1 
7:0*0 
21*2 
1"*1 
1711 
39*2 
3 6 
S.U. 
69119 
67*12 
2^*3 
51*7 
F"»4 
18*0 
2 5 * " 
23*1 
17*0 
i»8*2 
4 1 
w: w i n t e r v a r i e t y , t;: s p r i n g v a r i e t y . 
wheat a re higher than the production-weighted means for the country while 
the rye means probably a r e too low. Table 5. 3. 2 gives the analysis of 
90 
variance of the S. U. figures and table 5. 3. 3 that cf the pCi Sr /kg grain 
figures. 
Table 5. 3. 2 shows that the variation in S. U. between species was s ig-
nificant. Rye showed the highest S. U. levels and oats the lowest. The 
90 pCi Sr /kg figures also show a significant difference between spec ies . 
(Oats ) wheat). 
Table 5 . 3 . 2 
Analysis of variance of In S,U. in grain in 1973 
(from table 5.3.1) 
Var ia t ion 
Betw, s p e c i e s 
Betw. l o c a t i o n s 
Spec. x l o c . 
Remainder 
SSD 
1.956 
23 .066 
2 .654 
1 .959 
f 
3 
9 
25 
•49 
S
2 
0.6521 
2 .5629 
0.1062 
O . Q i . 0 0 
v2 
6.14 
24 .14 
2 .66 
P 
> 9 9 . 5 * 
>99.95% 
>99.5% 
Table 5.3.3 
Analysis of variance of In pCi Sr/kg grain in 1973 
(from table 5.3.1) 
V a r i a t i o n 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
Spec, x l o c . 
Remainder 
SSD 
7.02« 
25 .236 
3 .089 
1.676 
f 
3 
9 
25 
49 
s 2 
2 .3414 
2 .8040 
0 .1236 
0 .0342 
v 2 
I S . 95 
2 2 . 6 9 
3 . 6 1 
P 
>99.95% 
>99.95% 
>99 .95* 
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As in previous yea r s , the variation with location was highly significant; 
the mean pCi Sr /kg level for grain from Jutland was 2. 5 t imes that in 
eastern Denmark. 
Table 5. 3.4 shows the measurements of ' 3 7 C s in grain in 1 973, table 
5. 3. 5 the analysis of variance of the M. U. figures and table 5. 3. 6 the 
analysis of variance of the pCi ' 3 7 C s / k g grain figures. The ] 3 7 C s levels 
I — 
. y i s t r u p 
-ZudSgåltf 
A s k o v 
:, t . J y n d e v a d 
- l a n g s t e d g i r d 
1 - y s t o f t ? 
i 
~ e d r e b o r g 
Abed 
. - .k i rkeby 
Mean 
T ~ 
Pve 
p C i 1 3 7 C s / k g 
1 8 . 8 A 
w: 12.S A 
" 
7 . " B 
3 1 . 2 
I t . 6 A 
" . 7 8 
5 .2 B 
-
0 
1 1 . 8 
: i . ' j . 
" . 1 A 
v: 7 . 3 A 
-
1 . " P 
5 . 5 
2 . 8 A 
1 .0 B 
1 . 3 B 
-
D 
2 . 3 
C a e s i - i n - 1 s~ Lr T'a.'v.;-. gr 
Bar I,-.-
pCi 1 3 ? C s / k g 
! ' ^ . 9 a 
•1 
1 5 . " A 
1 9 . 8 
1 2 . 0 B 
0 
0 
0 
1 5 . t 
6 . 2 B 
8 . 0 
M.U 
: . • = . 
0 
3 . 3 A 
t . 3 
y.i s 
0 
0 
0 
3 . 0 
1 . 3 B 
1 . 6 
M ' r . ir. 1 " ) 
'.-.'hpa ' 
pCi i 3 , C s / k g 
n: 0 
> : 5 .S B 
w: " . 5 0 
w: 1 1 . P, a 
'•>: 5 . 1 P 
" s.- t ' . r -
« : 7 .6 A 
.•: 7 . 7 - -
"s: i .5 ? 
w: l l , f> ft 
s : 6 .6 B 
w: 1 0 . 6 A 
s : 1 1 . 0 A 
7 . 5 
« : w i n t e r v a r i e t y , s : s p r i n g v a r i e t y 
K . U . 
s : * 
s : 1 . 3 B 
v : 2 . 7 . 
w: 1.7 R 
" s : 3.<T 
w: 2 . 0 A 
•-. : . 8 r 
s: 1 .9 B 
r>: 7.9 3 
s : 2 . 8 A 
i . . 
p c ; I , 7 - i ; ' k g 
" . C ':' 
6.U •» 
7 .0 ? 
1 3 . 5 A 
2 7 . 9 
12 .6 A 
2 1 . 1 A 
5 . 1 " 
1 1 . 9 A 
8 . " A 
1 1 . 8 
— — 1 i 
\i : 
0 . 9 r 
1 .3 P 
7 . w -7 
<;.-> 
2 . 6 A 
3 . ' ' A 
I . " B 
2 . 3 A 
2 .2 
A: r e l a t i v e S . D . : 2 0 - 3 3 1 " " — • — 
6: r e l a t i v e S . D . : > 33» 
__ 
Table 5.3.5 
Analysis of variance of In pCi 137Cs/g K in grain in 1973 
(from table 5.3.4) 
Varia t ion 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
S p e c i e s x l o c . 
Remainder 
SSD 
0 .108 
2 .894 
4 .523 
0 .674 
f 
3 
9 
18 
5 
s 2 
0 .0361 
0 .3216 
0 .2513 
0 .1348 
v2 
0.14 
1.28 
1.86 
P 
-
-
-
Table 5.3.6 
f In pCi 1 3 7 f 
(from table S.3.4) 
Analysis of variance o 137Cs/kg in grain in 1973 
V a r i a t i o n 
Betw. s p e c i e s 
B«tw. l o c a t i o n s 
S p e c i e s x l o c . 
Remainder 
SSD 
1.030 
6 .398 
7 .181 
5 .030 
f 
3 
9 
23 
6 
2 
m 
0.3434 
0 .7108 
0 .3122 
0 ,8384 
v2 
1.10 
2 .28 
0 .37 
P 
-
-
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in grain from 1 973 were very low due to the low fall-out r i t e in May-August. 
1 37 In fact, some samples showed negative Cs contents; these resul ts have 
1 3^ been recorded as zero . Consequently the t rue average contents of *Cs in 
Danish grain may be a little lower than indicated in the table. Due to the 
low activity ievels the analytical e r r o r was large, and we find no significance 
in any of the anovas. 
If the S. U. levels in grain from the harvest of 1 973 a r e compared with 
the levels from 1 9721 ' , we find the 1 973 figures to be 0. 64 times the 1 972 
levels. 
1 37 The Cs content in grain from the 1 973 harvest was on the average 
0.4 times the 1 972 means . The fall-out ra te in May-August 1 973 was 0. 3 
t imes that in May-August 1 972. (The period May-August was selected 
because experiments have shown ' that the contamination of grain with 
1 37 
Cs takes place in the period from before the emergence of the ea r s until 
harvest ) . This observation i s in reasonable agreement with that of the 
137 
previous years and fits the hypothesis that the Cs level in grain depends 
mainly upon the fall-out r a t e . 
In Appendix C i s shown a comparison between observed and predicted 
^ S r and ' 3 7 C s levels in 1 973. 
Table 5. 3. 7 shows the stable-strontium content in grain in relation to 
the calcium content, and table 5. 3. 8 is an analysis of var iance of the figures. 
As previously , wheat contained more stable strontium per g Ca than the 
other species, and the stations in Jutland showed generally higher figures 
than the eastern locations. 
Table 5.3.7 
Stabile strontium in grain (mg 3r/g Ca) collected in 1973 
1
 • 1 
T y l - t r u p 
.C tud s gå rd 
Ødum 
Askov 
f^t. Jyndevad 
Blangstflp.ÅTvi 
T y s t o f t e 
Ledreborg 
Abed 
Åkirkeby 
Pye 
w 
<*.l 
••.2 
7 .3 
7.8 
7.1 
2.6 
3.8 
1.3 
Ba r l ey 
s 
3.8 
7 . 7 
3.0 
7 . 1 
7 .9 
7.2 
2 . 1 
1.6 
0 .6 
1.1 
Wheat 
w 
'».<* 
•».5 
3.fl 
7 .« 
3 .8 
3 .2 
l.M 
2 .S 
s 
3.H 
3.1* 
3 .5 
3 .2 
2 . 3 
1.6 
2 . 8 
1.6 
Oats 
2 . 3 
3 .2 
2.6 
2 .5 
1.7 
7 .6 
1.8 
1.8 
2 . 1 
l .H 
47 
T a t l e 5 . 3 . S 
A n a l y s i s of v a r i a n c e o f Ir. ag S r / g Ca i it g r a i r : i n 1^73 
f f r o r t a b l e = . 3 . ^ ) 
V a r i a t i o n ssr 
Set-- . sp»c-t*»s t . ? 9 " 
S e t « , l o c a t i o n s 
S p e c i e s » l o c . 
aeaair .c!er 
3 . a~x 
i . ? ' : 
0 . 6 7 9 
f 
3 
a 
:s 
6 
s* 
" . •* 3 """ 
1 , H > s 
d.Q---,* 
1 1 -. •*•> 
v 2 
C _."!? 
5.99 
f ) . « J 
O 
> 9 " • . '• * 
>ac_is* 
. 
— 
-
-J 
5.4. Strontium-90 and Caesium-137 in Bread from the Ent i re Country 
In I 873, samples of white bread (75% extraction), and dark rye bread 
(100% extraction) were collected all over the country in June . The samples 
were combined into eight zone samples and a sample from Copenhagen, and 
90 137 137 
Sr and Cs were determined. The Cs determinat ions were car r ied 
out on the ash by Ge Y-spectroscopy. 
Tables 5.4.1 and 5 .4 .2 show the resu l t s . It i s assumed that ? kg flour 
yields approx. f. 35 kg bread and that wheat flour of 75% extraction con-
90 1 *^ 7 I \ 
tains 20% of the Sr and 50% of the Cs found in wheat grain , while rye 
flour i s 100% extraction hence we can compare the 1 973 bread levels with 
the 1 972 grain levels (cf. table 5 .4 . 3). 
Table S .n . l 
S t r o n t i u m - 9 0 in D a n i s h b r e a d i n J 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
V I : 
VII: 
V I I I : 
A. J u t l a n d 
E. J u t l a n d 
W. J u t l a n d 
S . J u t l a n d 
runen 
Zea l and 
L o l l a n d - F a l s t e r 
Bornholm 
Mean 
Copenhagen 
Populat i o n - w e i g h t e d 
m a n 
White 
p C i / k g 
7 . S 
f . 9 
6 . 8 
8 .0 
9 . 1 
7 . 9 
6 .9 
9 .8 
7 . 9 
1 2 . 5 
8 . 3 
b r e a d 
S.tr. 
>».u 
M.2 
8 .2 
t . 8 
5 .3 
5 . 5 
2.<» 
3 . 0 
M.8 
* , 3 
5 .1 
jne 197 3 
Rye b r e a d 
p C i / k g 
35 
30 
3U 
72 
36 
30 
70 
7? 
79 
29 
30 
s.tr. 
1 3 
15 
11 ! 
9 
16 
n 
6 
8 
11 
11 
» 
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Table S.t.2 
;raesiu«-147 in Danish bread in June 1973 
I I : 
J. I * : 
: : • . 
* * 
V I : 
V I I : 
W i l l : 
-
 i_
 -
H. J u t l a n d 
E. J u t l a n d 
M. J u t l a n d 
S . J u t l a n d 
Funen 
Z e a l a n d 
L o l l a n d - F a l s t e r 
Bornholm 
Mean 
C o p e n h a g e n 
P o p u l a t i c n - w e i g h t e d 
mean 
A: R e l a t i v e S . D - : 2 0 -
8 : R e l a t i v e S . D . : > 3 
W h i t e 
p C i / k g 
1 0 . 9 
7 . 7 A 
1 1 . 0 
9 . 6 
9 . 3 
9 . 6 A 
3 . 9 A 
7 . 8 A 
8 . 7 
5 . 6 B 
8 . 3 
33% 
3 \ 
b r e a d 
M.U. 
3 . 2 
t . 6 A 
6 . 5 
6 . 6 
6 . 7 
6 . 5 A 
2 . 8 A 
5 . 2 A 
5 . 9 
3 . 6 B 
5 . S 
Rye b r e a d 
p C i / k g 
3 7 
22 
2 9 
2 * 
<»S 
2 8 
? 0 
28 
2 9 
2 3 
28 
H . U . 
1 1 . 8 
7 . 9 
7 . 8 
7 . 1 
1 3 - * 
7 . 3 
7 . « 
7 . 0 
8 . 7 
6 . « 
8 . 2 
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Table 5 .4 .3 shows that the Sr and Cs levels in bread were higher 
than those in grain according to the above-mentioned model. 
Table 5.". 3 
A comparison Sr and Cs levels in ^ea i a".d f»ra: n ir. 19"?. 
N u o l U > 
I>r 
-
1 7
- , 
" pec i e •'• 
'.•,>. e a t 
Rye 
>.'h«Mt 
5r«*ad a c t i v i t y 
i n J u n e 1 9 7 1 
c a l c u l a t e d a s 
g r a i n i n p C i / k g 
( c f . t ° / r ) 
6 C 
u" 
? ? 
39-
A c t i v i t y ir. g r a i n 
f rom h a r v « - , t ' . ' f ? 
31 
79 
l'-> 
3" 
" i ' r e a d ' / g r a :r. 
r a *! o 
I . « / 
1 . 3 ° 
: . i<5 
1 . 1 3 
5.5 . Strontium-90 and Caesium-137 in Potatoes from the Ent i re Country 
The samples of potatoes were collected in September from ten of the 
Of] 1 *k*l 
State experimental farms (cf. fig. 4 .1 .1 ) and analysed for Sr and Cs 
(Y-spectroscopy of bulked samples ol the ash). 
49 
Table 5. 5.1 shows the ^ S r and ' 3 7 C s contents in potatoes. The mean 
contents for the country were 3. 9 pCi ^ S r / k g o r 98 S. U. and 5.4
 PCi 
Cs /kg o r 1.0 M. U. Although the levels were higher than in 1 972, they 
were not significantly different from those of las t year . 
137 9ft 
The mean of the C s / u Sr rat ios (pCi/kg figures) was 1. 4 (in 1 972: 
1.7. in 1 971: 3. 1, in 1 970: 3. 8. in I 969: 1.8, in 1 968: 2. 6, in 1 967: 2 . 1 . 
in I 966: 2. 6, in 1 965: 6, and in 1 964: 9). 
r a b > 5 .5 . 
S t r o n t i u m - 9 0 and C a e s i u r a - i 
T y l s t r u p 
S t u d s g å r d 
Ødum 
A s k o v 
S t . J y n d e v a d 
B lån g s t e d g å r d 
T y s t o f t e 
L e d r e b o r g 
Abed 
Rønne 
Mean 
-
PC i 9 0 S r / X £ 
2 . H ± 0 . 0 
r . 8 ^ 0 . 7 
• • . 6 * 0 . 1 
6 . i » * 0 . 7 
5 . 2 1 0 . 3 
3 . 1 
2 . 6 
5 . 6 A 
2 . 6 
3 . 3 
3 . 9 
A: r e l a t i v e 3 . D . : ? > 3 U 
37 i n D a n i s h 
S.L'. 
1 0 9 ? 1 
3 6 ? x 
5 2 1 1 
1->CJI3 
119--5 
55 
127 
SO A 
<»S 
185 
93 
p o t a t o e s i n 
pCi * C s / k g 
^ 
y fi.fi 
J 
"^ 
> " • ' 1 J 
5 . u 
1973 
n . ' ' . 
i -
?•. '3 
1 .1 
pCi 9 0 S r / k g 
5 
* 
2-
.' * 
If 
i I 
59 60 61 62 63 64 65 66 67 58 69 70 71 72^73 
Vig. 5 .5 .1. Strontium-90 in OanUh potatoes, 1359-73 (I s. E. indicated) 
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~mTr 1961 ' 1965 ' 1966 ' 1967 ' 19« ' tMB ' IOT0 ' 1971 ' 1972 ' W73 ' 
Jutland 
The Islands 
Fig. 5 . 5 . 2 . Caes ium- t 37 in potatoes from Jutland and the Is lands , 1963-73 
5. 6. Strontium-90 and Caesium-1 37 in Vegetables and Frui t s from the 
Entire Country 
In 1 973 as in previous yea r s , vegetables and fruits were collected in 
September and December from eight grea ter provincial towns, one in each 
of the eight zones, and from Copenhagen. 
Table 5.6.1 
Strontium-90 in vegetables and f ru i t s in 1973 
I : 
I I : 
I I I : 
IV : 
V: 
V I : 
VII : 
V I I I : 
N. J u t l a n d 
Z.Jutland 
' / . J u t l a n d 
" . . J u t l a n d 
Funen 
Zealand 
k o l l a n d - F a l s t e r 
Bornholm 
Mean 
Copenhagen 
P o p u l a t i o n - w e i g h t e d 
mean 
Cabb 
pCi /kg 
7 . 2 
13.2 
9 . 3 
" . 8 
7 . 1 
10.8 
11 .0 
3 . 5 
8.H 
•».2 
8 . 2 
a g e 
K.tJ. 
13 ,5 
2 7 , 1 
28 .3 
9 .H 
n . s 
21 .5 
20.2 
6 , 0 
17 .5 
9 . 1 
17 .9 
C a r r o t 
pCi /kg 
19 .5 
26 .8±f l . l 
37 . ' . 
1 1 . 7 
7 . 5 
6 . 6 
t . 5 
7 . 8 
15 .2 
n . r 
15 .0 
S.tJ. 
73 
85*0 
l i b 
t t 
30 
19 
15 
22 
50 
1"» 
•49 
Onion 
pCi ' k j ; 
(1H.7) 
10.U 
22 .2 
7 , 0 
23 .7 
1 2 . 6 
1 5 . 1 
18 .6 
15 .5 
1 7 . 3 
I S . 8 
S.tJ. 
<K9) 
76 
50 
22 
68 
30 
31 
M2 
t 6 
73 
57 
Apr! 
pCi/kp, 
2."4 
3 . 8 
2.14 
1 . 5 
2 .U 
3 . 2 
( 2 . 9 ) 
5 . 8 
3 . 0 
6 . 0 
3 . 8 
e 
S.I). 
36 
36 
3 t 
29 
36 
35 
( 3 7 ) 
59 
3 C 
10 
29 
Pea 
p C i / k g 
* 2 . 7 
* 6 .7 
* 3 ,9 
* 2 , 8 
7 . 8 
14.0 
5 . 5 
3 . 6 
•4.6 
( 3 . 5 ) 
"*.S 
s.u. 
1 1 , t 
28 .5 
16.14 
11 .7 
21 .6 
1 2 . 6 
8 3 . 8 
8 . 3 
2D.3 
: i o . i ) 
17 .6 
*g Ca/kg calculated from 
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Carro ts and onions were collected in September, cabbages and apples 
in December, and peas were collected in July. 
The Y-measurements were performed on bulked ash samples r e p r e -
senting the entire country (cf. table 5. 6. 4). Tables 5. 6.1 - 5 .6 . 3 show the 
90 
resu l t s and the analysis of variance of the Sr determinat ions. 
The variations between species were highly significant. The highest 
90 
Sr levels (pCi/kg) were found in onion, and car ro t , the lowest in apple. 
The variation between locations was not significant. 
T a b l e 5 . 6 . 2 
90 A n a l y s i s o f v a r i a n c e of In pCi 3 r / k g in v e g e t a b l e s and f r u i t s in 1973 
( f rom t a b l e 5 . 6 . 1 ) 
V a r i a t i o n 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
Remainder 
SSD 
13 .552 
2 . 8 9 9 
8.382 
f 
4 
8 
2 9 
2 S 
3 .3880 
0.362«* 
0 .2890 
v 2 
1 1 . 7 2 
1 .25 
P 
>99.9S% 
-
T a b l e 5 . 6 . 3 
A n a l y s i s o f v a r i a n c e o f In R.IJ. i n v e g e t a b l e s and f r u i t s in 1Q73 
(from t a b l e S . f i . l ) 
V a r i a t i o n 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
Remainder 
s s n 
8 .029 
5 .108 
9 ,956 
f 
•4 
8 
29 
s 2 
2.D072 
0 .6385 
0.31433 
v 2 
5 .85 
1.86 
P 
>99.5's 
-
T a b l e S . 6 , 1 4 
Caesium-
pCi /kg 
pCi /g K 
•137 i n v« 
Cabbage 
2 . 0 
0 .7 
g e t a b l e s and f r u i t s in 1973 
C a r r o t 
2 .0 
0 ,8 
Onion 
0.9 B 
0.<4 B 
A p p l e 
3 .1 
2 . 1 
Pea 
*2.fi A 
0 . 8 A 
"g K/kg c a l c u l a t e d from 1 9 6 9 , 1970 and 1 9 7 1 . 
A: r e l a t i v e S . D , : 2 0 - 3 3 * 
B: r e l a t i v e S . D . : > 33% 
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90r Fig. 5.6.1 shows the country wide mean pCi ^"Sr/g Ca levels in cabbage 
(white and red) and in ca r ro t s collected since 1 961. The cabbage levels 
90 have since 1 966 varied around 20 pCi S r / g Ca and the ca r ro t levels have 
90 been between 50 and 60 pCi Sr /g Ca, except in 1 968 when the mean level 
90 IK was only 30 pCi S r /g Ca, (cf. discussion in Risø Report No. 291 ' ) . 
90 90 
The Sr levels in cabbage and ca r ro t s depend pr imari ly on the Sr 
90 
activity in the soil, during the last yea r s approx. 95% of the Sr came 90 from the accumulated Sr in the soil . The ra ther constant levels since 
1 966 are in accordance with the nearly constant soil levels (cf. 4 .2) and 
support the statement put forward in Appendix C, that the availability of 
90 the Sr in the soil for root uptake does not decrease so rapidly as suspected 
in 1 971. 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
pCi ^ S r / g Ca 
L 
1961 ' 1962 ' 1963 ' »64 ' 1965 ' 1966 ' 1967 ' 1968 ' 1969 ' 1970 ' 1971 ' 1972 ' 1973 
cabbage 
carrots 
Fig. 5 , 6 . 1 . Strontium-90 in Danish cabbage and carrots 1961-73 (1 S. E. indicated) 
1 37 Fig. 5.6. 2 shoes the corresponding curve for Cs in cabbage and 
1 37 
ca r ro t s , (notice that the ordinate is logarithmic). It is evident that Cs 
90 in vegetables, unlike Sr, depends strongly on the fall-out ra te . It also 
appears that the levels in cabbage and ca r ro t s a r e s imi la r , implying that 
i 37 
the Cs is translocated in car ro ts from above the soil par ts to the roots . 
90 137 
Table 5. 6. 5 shows a calculation of the mean contents of Sr and Cs 
in Danish vegetables collected in 1 973, The levels a r e the population-
weighted means calculated in tables 5, 6.1 - 5. 6 .4. 
100 -i 
50 
pCi/kg 
53 
20 H 
io H 
5 A 
2 1 
1963 ' 196* ' 1965 ' 1966 1967 ' 1968 ' 1969 ' 1970 ' 1971 ' 1972 ' 1973 ' 
cabbage 
carrots 
Fig . 5 .6 . 2. Caesium-! 37 in Danish cabbage and carrots 1963-73 
(1 S. E. indicated, when more than one determination was carried out) 
Table 5 . 6 . 5 
D a i l y 
in take 
in g 
L 
50 
30 
40 
120 
Calculated Sr and l Cs mean levels in vegetables in 1973 
Species 
Leafy vegetables (cabbage) 
Root vegetables (carrot, onion) 
Pea 
Vegetable total 
pCi 90sr 
per kg 
8.2 
15. t 
"•.5 
8.8 
S.tJ. 
17.9 
53.0 
17.6 
26,6 
pCi 137Cs 
per kg 
2.0 
l.b 
2.6 
2.1 
M.U. 
0.7 
0.6 
0.8 
0.7 
The 1 973 levels in Danish fruit were calculated from apples and the 
90 137 
mean levels in Danish fruit were thus 3. 8 pCi Sr /kg and 3. f Cs/kg. 
90 137 
The 1 973 Sr levels in vegetables were a lit t le lower and the Cs 
levels significantly lower than the 1 972 levels. 
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5. 7. Strontium-90 and Caesium-1 37 in Total Diet from the Entire Country 
In 1 973 total-food samples representing an average Danish diet ac -
cording to E. Hoff-Jørgens en (cf. Appendix B in Risø Report No. 63 ') 
were collected from eight towns each representing one of the eight zones 
(cf. fig. 5 .2.1) and from Copenhagen. The sampling took place as previously 
in June and December. 
Tables 5. 7.1 and 5. 7. 2 show the resu l t s . As in previous yea r s , the 
variation between locations was significant. The S. U. levels in the total 
diet were approx. 1 5% higher in Jutland than in eastern Denmark. 
Fig. 5. 7.1 shows the zone mean levels (not population-weighted) of 
1 37 S. U. in total diet since May 1 961. Fig. 5. 7. 2 shows the daily Cs intake 
since June 1 963. 
The 1 973 9 0 S r levels in total diet were approx. 8% lower than the 1 972 
1 37 levels, while the Cs levels were approx. 40% lower than the 1 972 ones. 
F rom the total-diet sampling it is possible to est imate the mean levels 
of 9 0 S r and ' 3 7 C s in the Danish diet in 1 973. For the period January-Apri l 
90 1 973 the Sr level in the total diet i s assumed to have been equal to that 
measured in December 1 972, Risø Report No. 291 '. For the period May-
September we assume the level to have corresponded to that measured in 
June 1 973. The December 1 973 figure is taken to represent the last three 
90 
months of the year . The population-weighted mean of Sr in total-diet 
Table 6.7.1 
Srrontium-90 and Caesiurn-137 in Danish t o t a l d ie t col lec ted in June 1173 
Zone 
I : 
I I : 
I I I : 
I V : 
V: 
V I : 
V I I : 
V I I I : 
N. J u t l a n d 
E. J u t l a n d 
W. J u t l a n d 
S. J u t l a n d 
Funen 
Zea land 
L o l l a n d - F a l s t e r 
Bornholm 
Mean 
Copenhagen 
Population-weighted 
mean 
Relat ive e r ro r due to 
ana lys i s 
A: r e l a t i v e S.D.: 20-
pCi 9 0 S r / g Ca 
7.210.U A 
1 0 . 6 * 0 . 1 
7 . 8 1 0 . 1 
8 .510 .0 
6 .6*0 .5 
f,. R10. 5 
5 . 2 * 0 . 1 
9 . 9 * 0 . 1 
7 . 8 
6 . 0 1 0 , 9 
7 . 5 
8% 
33% 
pCi 9 0 R r / d a y 
1 2 . 8 1 0 . 8 A 
1 6 . 8 * 0 . 0 
1 3 . 1 1 0 . 6 
12 .1*0 . 0 
1 2 . 5 1 0 . 9 
1 3 . 5 * 0 . 8 
1 1 . 2 1 0 . 1 
2 1 . 2 1 0 . 7 
I t . 2 
1 1 . 6 1 1 . 8 
13.1* 
e% 
g Ca/dav 
1 .7810.00 
1 . 5 8 * 0 . 0 ! 
1 .7010 .no 
1.1*510.01 
1 .89*0 .01 
1 .9710.02 
2 . 1 3 1 0 . 0 1 
2 .11*0.02 
1.83 
1 .9110 .02 
1.82 
1% 
pCi 1 3 7 C s / g Y 
3 . 9 
5 . 6 
3 . 1 
1 . 0 
1 . 5 
3.2*0.1* 
3 . 1 
3 . 1 1 0 . 1 
3 . 9 
2.5 A 
3 . 7 
pCi 1 3 7 C s / d a y 
15 
21 
1 1 
1 1 
1 5 
1112 
1? 
1211 
1 1 
in 
1 3 
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samples was 7. 5 pCi S r / g Ca in December 1 972. Hence the mean content 
in the total diet in 1 973 was 7 .3 pCi ^ S r / g Ca o r 1 2.6 pCi ^ S r / d a y . 
In a s imi l a r way the * 3 7 C s content in the Danish diet in 1 973 was 
estimated to be 1 7 pCi ] 3 7 C s / d a y o r 3.2 pCi ' 3 7 C s / g K (cf. also Appendix C). 
S t r o n t i u m - 9 0 and Caesium-137 
Zone 
I : 
IV: 
V: 
VI : 
V I I : 
V I I I : 
f 
N. J u t l a n d 
F-. J u t l a n d 
'«!. J u t l a n d 
S. J u t l a n d 
Funen 
Zealand 
L o l l a n d - F a l s t e r 
Bornholm 
Mean 
Copenhagen 
P o p u l a t i o n - w e i g h t e d 
mean 
R e l a t i v e e r r o r due t o 
a n a l y s i s 
~ . 90 pCi " Sr /g Ca 
7 . 1 . 0 . 3 
f
 . 8 1 0 . 1 
7
 p ui ^ 2 
9 . 1 * 1 . 1 
5 . 710.2 
8 . 5 1 0 . 1 
7 . 6 * 0 . 8 
6 . 0* 0 . 6 
7 . 3 
5 .1* 0 .7 
6 . 8 
11% 
T a b l e 
i n Dan i sh t o t a l 
pCi 9 t , Sr/da .y 
1 2 . 6 * 0 . 5 
1 1 . 8 1 0 . 2 
1 1 . 312 .1 
1 0 . 1 * 0 . 7 
i j . 3 l 0 . 1 
11.61 I.f. 
1C. 3*1.2 
12 .5 
9 . 3 * 1 . 5 
11 .7 
12% 
- i e t c o l l e c t e d in l ? c * ? ' * r 
" 
B Ca/day 
1 .71*0.01 
1 .71* o.0;> 
I . * 8 * 0 . 0 i 
1.5 710 .01 
1 .8310 .05 
l.<=3* 0 .03 
I . "»2*0.01 
i . 70*0 .01 
1 7** 
1.^1* 0 . At» 
i . 7 5 
3% 
- . 1 3 " , . ?Cl
 i S g r 
5.2 
3.0 A 
1.3 
1.0 
3 .1 
1 . 7 
7.9 
7 . 6 * 0 . 7 
i . i 
1 . 7 
- . 3 
A: r e l a t i v e S.I). : 20-33% 
Stabi le stro 
Table 5 . 7 . 3 
otium i n t o t a 1 d i e t i n 1973 
(»g S r / g Ca) 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
VI: 
VII : 
V I I I : 
N. Jut land 
E. Jut land 
W. Jut land 
S. Jut land 
Funen 
Zealand 
L o l l a n d - F a l s t e r 
Bornholm 
| „ 
Mean 
Copenhagen 
June 
1 . U 0 . 0 
1 .8*0 .1 
1 . 2 * 0 . 0 
1 . 5 1 0 . * 
1 . 5 * 0 . 0 
1 . 9 * 0 . 1 
2 . 2 * 0 . 2 
1 . 0 * 0 , 0 
1.5 
1 . 8 * 0 . 0 
Dec. 
1 . 0 * 0 . 1 
1 . 5 * 0 . 1 
1 . 0 * 0 . 1 
0 . 8 * 0 . 0 
1 . 1 * 0 . 1 
1 . 0 * 0 . 1 
3 . 1 * 0 . 2 
0 . 9 * 0 . 0 
1 . * 
2 . 0 * 0 . 3 
1 1 - ; 
-• - 1 '"* -. 
pc i *" ?s> 
12 A 
1« 
13 
12 
JO* :-
IS 
is 
1 7 
'• »V 
56 
4 5 j pCi 9 0Sr/gCa 
to'c- r-'<ø coat cn'o o —• jr-'fcJff'RCJ 
33£ u c u c " c S! » 3 • 3 •» - * o -3 o -3 e 5 « g « a - .^ D -3 O -> cg | « 
Fig . 5 . 7 . I . pCi 9 0 S r / g Ca in Danish total diet, 1 961 -73 
4oo^ * ' 1 3 7 c s / d °y 
l ø j ø t e v u w l E i e w 
Fig. 5 . 7 . 2 . p C i ' 3 , C » / d a y in Danish total diet, 1 963-73 
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5. 8. Strontium-90 and Caesium-1 37 in Miscellaneous Foodstoffs 
5. 8 . 1 . Strontium-90 and Caesium-137 in Meat 
Pork and beef samples were collected in Copenhagen in three big shops 
in March, June, September, and December. Table 5. 8.1 shows the resu l t s . 
F igs . 5. 8.1.1 and 5. 8 . 1 . 2 show a comparison between milk and meat levels 
The rat io (pCi 9 0 Sr /kg meat)/(pCi 9 0 S r / l milk) was 0.1 9 (S .E. 0. 02), and 
1 37 the corresponding rat io for Cs was 5. 0 (S. E. 0. 3) for the period 1 962-
1 972. (In these calculations meat consisted of 2/3 pork and 1 / 3 beef) (cf. 
also Appendix C). 
Tab le 5 . 8 . 1 
S t r o n t i u m - 9 0 and Caesium-137 i n pork and beef from Copenhagen i n 1973 
S p e c i e s 
Pork 
Beef 
Un i t 
pCi 9 0 S r / k g 
pCi 9 0 S r / g Ca 
137 pCi X J C s / k g 
137 pCi " C s / g K 
pCi 9 0 S r / k g 
pCi 9 0 S r / g Ca 
pCi 1 3 7 C s / k g 
pCi 1 3 7 C s / g K 
March 
0 .79 
10 .5 
35 
9.8 
1.31 A 
11 .1 A 
12 B 
3.7 B 
June 
1.01 A 
8.8 A 
23 A 
7.5 A 
3.83 
1 9 . 1 
2i* A 
7.9 A 
Sep . 
1.50 B 
1 1 . <• B 
18 
fi.U 
1.26 
13 .8 
22 
6 . 8 
Dec . 
1.70 A 
8.8 A 
16 A 
5.7 A 
1.U0 A 
8.2 A 
14 A 
U.S A 
Mean 
1.25 
9 .9 
23 
7 . U 
1.95 
13 .2 
18 
5.8 
* 
A: R e l a t i v e S .D . : 20-33% 
B: R e l a t i v e S.I). : >33% 
'00r pc, 9 Q S r / k g 
50 
20 
10 
5-
62 63 61 65 66 67 68 69 ~0 71 \>Y 73 
Fig. 5 . 8 . 1 , 1 . Strontium-90 in Danish milk and meat (2/3 pork and 1/3 beef) 1962-73 
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10
 62 63 64 65 66 67 68 69 70 71 7 2 \ 7 3 
Fig . 5. 8 . 1 . 2. Caesium-137 in Danish milk and meat (2/3 pork and 1/3 beef) 1 962-73 
5. 8. 2. Strontium-90 and Caesium-1 37 in Fish 
Fish samples were collected in inner Danish waters along with the sea-
water sampling (cf. 7). Tables 5. 8. 2.1 - 5. 8. 2.4 show the r e su l t s . We 
have also included data from previous years in the tables. Table 5. 8. 2.1 
T a b l e 5 . a . ? . I 
T;tront i ' i r i -90 and Caes iur . - ; ' ?" ' \n f'--,h c o l l » r r M 
in t he K a t t e g a t : r. S e p t e n h e r 1°73 
-
Cod I 
Cod II 
Cod III 
Lemon -,OXP 
Whit ing 
Hake 
Hake 
Wi»ch 
Norwav lohster 
Meat 
Bone 
Total 
Meat 
Meat 
Bone 
Total 
Total 
Meat 
Bone 
on 
Sr pCi/kg 
6.1* 
7.3 A 
-
3.6 A 
-
_ 
-
10.8 A 
90Sr pCi/g Ca 
18. u 
15.u A 
0.6B A 
-
10.3 A 
a.f. 
-
_ 
-
1M.2 A 
6.2 
137
c-, pCi/k« 
3? 
SO 
75 
14 4 
57 
68 
32 
uo 
HU 
137 
*
J
 Cs pCt/g K 
T 1 
?1 
16 
l'» 
-
18 
-
-
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contains besides the determinations of fish an analysis of Norway lobster . 
The mean levels in fish from 1 973 were 54 t 6 pCi 1 3 7 C s / k g (S samples) 
and 4. 5 t i . 5
 p C i
 9 0 Sr /kg (4 samples) . 
Table 5 . 8 . 2 . 2 
Caesium-137 in f i s h c o l l e c t e d a t Barseback in October 1971 
Cod 
Flounder I 
Flounder II 
Coalfish II 
Coalfish III 
137, Cs pCi/kg 
32 B 
26 A 
27 A 
85 
138 
137 
A: relative S.D.: 20-33% 
B: relative S.D.: > 33% 
Cs pCi/g K 
7.8 B 
9.1 A 
7.5 A 
19.•» 
32.8 
Table 5.8.2.3 
Strcntium-90 and Caesium-137 in eel 
collected in Roskilde Fjord in 197? and 1173 
1972 
1973 
Meat 
Bone 
Meat 
Bone 
. 90 
pCl Gr/kg 
1.3 
0.5 B 
90 
pCi 3USr/g Ca 
3.1 
1.0 
1.1 B 
1.0 
pCi 137Cs/kg 
42 
4? 
1 "37 
pCi Cs/g K 
15 
13 
B: relative S.D.; > 33% 
Table 5.8.2.4 
Strontium-90 in total cod and fish bone 
collected in June 1971 
Garfish 
Kalundborg 
Herring 
Hundested 
Cod 
Hundested 
Cod 
Kerteminde 
Bone 
Bone 
Bone 
Total 
pCi 90Sr/g Ca 
2.8 
0.9 
>»,0 
1.2 
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Table 5.8. 2.5 shows the ^ S r level in shel ls of Mystilus edulis collected 
in the Southern and the Northern part of the Sound. There was no variation 
with s i ze (i. e. age) in ^ S r activity, probably because the sea water levels 
have been ra ther constant for the las t 8 years (cf. fig. 7.1) . However, 
there was a significant difference between the two locations. At the Southern 
location the mean salinity i s approx. 11 %, and the mean Sr level of the 
water i s 0. 73 pCi 9 ° S r / l (mean of 1 970-73) while the Northern station shows 
a mean salinitv of approx. 22% and 0. 52 pCi 9 ° S r / l . It appears from the 
table that the observed rat io between S. U. in shells and sea water for both 
stations was about 0 .16. 
Length 
of 
3 n e i i 
O-i ' C31 
2-1* cm 
2-u cm 
i* — S cm 
T a b l e 5 . 8 . 2 . S 
t r o n t i u n - 9 0 in s h e l l s from musse l ( M y t i l u s e d u l i s ) 
i n t h e Sound in 1973 
P o s i t i o n 
S5 Q 3f . ' l 120<*>+'E 
5S°u7'fi 12°4U'E 
pCi 9 0 S r / g Ca 
0 . 9 6 * 0 . 0 8 
0 .97 
0 .28 + 0.0"* 
0 . 2 9 » 0 . 0 3 
Q0 
pCi S r / g Ca 
in s e a w a t e r 
1970-1973 
5.8 
1.9 
Tne ° r r ' " r * e r n is the s . E . o*. . i o ; Me d e t e r t r . i n a t lonr, . 
OR 
s h e l l / s e a w a t e r 
0 .17 
0 .15 
5.8 . 3. Strontium-90 in Drinking Water 
Along with the total-diet samples , 60 1 of drinking water was collected 
in June in each of the 8 towns (cf. figs. 5. 2.1 and 5. 2. 2). The samples 
were analysed, by the method used for ground water, for Sr, s table 
strontium, and calcium. 
Table 5. 8.3 shows the resu l t s . Ionexchanged water showed 0.0023 pCi 
9 0 S r / l . Hence we must conclude that the drinking water samples did not 
contain 9 0 S r levels significantly above zero , Copenhagen and Bornholm 
being the only exceptions. 
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T a b l e 5 . 8 . 3 
S t r o n t i u m - 9 0 i n Dan i sh d r i n k i n g w a t e r ir. June 1<>73 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
VI : 
V I I : 
V I I I : 
N - J u t i a n d 
E - J u t l a n d 
W - J u t l a n d 
S - J u t l a n d 
Fvinen 
Zea land 
L o l l a n d - F a l s t e r 
Bornholm 
Mean 
Copenhagen 
Median o f zones 
pCi 9 0 S r / l 
0 .0037 3 
0.C028 8 
0 .0030 
0.002i» A 
0.0Q55 A 
O.OOUi. A 
0 .0038 
0 .0125 
0.00U8 
0 .0678 
0.G037 
e ca/i 
0.09"; 
0.07Q 
0 .381 
0.071« 
0.1'40 
0 .092 
0 . 0 9 1 
0 . 0 3 6 
0 . 0 8 3 
0 .115 
0 . 0 8 1 
mg Sr-'g Ca 
1 . -2 
0 . 9 0 
1.93 
3 .00 
<*.22 
10 .32 
1 7 . 0 5 
1.80 
5.0ft 
6 .15 
2.U6 
A: R e l a t i v e S . D . : 20-33% 
B: R e l a t i v e S . D . : > 33% 
. _ _ 
* 90 137 
5. 9. Es t imate of the Mean Contents of ' Sr and Cs in the Human Diet 
in Denmark in 1 973 
5. 9 . 1 . The Annual Quantities 
The annual quantities a re calculated by multiplication of the daily quan-
ti t ies (as stated by E. Hoff-Jørgensen, cf. Risø Report No. 63, table B 1 ' ) 
by 365. 
5. 9. 2. Milk and Cream 
90 137 
The Sr and Cs contents per kg milk were calculated from the 
annual mean values for dried milk (cf. tables 5.1.1 and 5 ,1 .3) . 1 kg ~ 1 1 
milk, containing approx. 1. 2 g Ca and 1. 66 g K. Hence the mean contents 
on t '-«7 
in milk were 5. 6 pCi Sr /kg and 6 pCi Cs /kg . 5. 9. 3. Cheese 
90, 
137 
1 kg of cheese contains approx. 8. 5 g Ca and 1.2 g K. The Sr and 
Cs contents in cheese were calculated from these figures and from the 
S. U. and M. U. levels in dried milk (cf. tables 5.1.1 and 5 .1 .3) . I kg of 
90 137 
cheese appeared to contain 40 pCi Sr and 4 pCi Cs . 
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5. 9.4. Grain Products 
90 137 
Tables 5. 9.1 and 5. 9. 2 show the es t imates of Sr and Cs re spec -
tively in grain products consumed in 1 973. From these tables the activity 
90 
levels in grain products were estimated at 1 5.4 pCi Sr /kg and 17 pCi 
Cs/kg. 
Table 5 .9 .1 
9C 
rst ima-e of the Sr content in grain products cons'imel 
oer cap i t a in 1973 
. y p e 
Rye f l o u r 
(100% e x -
t r a c t i o n ) 
Whe-i t i io'ii* 
( 7 5 * e x -
t r : o t i o n ) 
G r i t s 
T o t a l 
F r a c t i o n f r o m h a r v e s * 
1972 
k g f l o u r 
2 1 . 9 
.3 2 . 9 
5 . 5 
6 0 . 3 
p C i - ' k g 
29 
6 . 6 
2 3 . 2 
1 6 . 3 
p C i 
6 3 5 
2 1 7 
128 
9S0 
F r a c t i o n 
k g f l o u r 
7 . 3 
1 0 . 9 
1 .8 
2 0 . 0 
f r o m h a r v e s t 
1 9 7 3 
p C i / k g 
26 
3 . 8 
1<*.«» 
1 2 . 9 
p C i 
1 9 0 
H i 
26 
257 
T o t a l 
PC i 
825 
2 5 8 
15i* 
1237 
Table 5.9.2 
L37„ 
: . ; • invite of the Cri content in gra in prcAur.tr- consumed 
p<;r c a p i t a in 1973 
Pye :1-nir 
('.rr-.'. . . x -
t r i . - f ion) 
WhP'it f l ou r 
(75% e x -
t r a c t i o n ) 
G r i t s 
T o t a l 
" r u c t i o n from h a r v e s t 
1°7 2 
Wg f l o u r 
;">.<> 
3 2 . 9 
5 . 5 
b 3 . 3 
p r ; / k g 
1 7 
9 . u 
1 8 . 5 
:u 
p ^ i 
810 
309 
102 
1 2 2 1 
F r a c t i o n f r o ft. h a r v e r , t 
1 9 7 3 
k g f l o ' i r 
7 . 3 
i n . 9 
1 . 8 
2 0 . 0 
p T i / k g 
1 1 . 8 
3 . 8 
8 . 8 
7 . 2 
pCi 
86 
i»I 
16 
1<»3 
T o t a l 
p C i 
896 
350 
118 
136U 
5. 9.5. Potatoes 
90. The figures in table 5. 5.1 were used, i. e. 3 . 9 pCi Sr /kg and 5,4 
pCi 1 3 7 C s / k g . 
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5. 9. 6. Vegetables 
Table 5. 6. 5 shows the calculation of ^ S r and ' 3 7 C s in Danish vegetables 
consumed in 1 973. The mean contents were 8. 8 pCi ^ S r / k g and ' I pCi 
3 7 C s / k g . 
5 .9 .7 . F ru i t 
The levels in imported fruit in I 973 a re assumed to be equal to the mean 
levels found in lemons, oranges , and bananas collected in Copenhagen in 
1 972 , i .
 e . 3.4 pCi 9 ° S r / k g and 1. 3 pCi ! 3 7 C s / k g . The mean levels in 
Danish fruit in 1 973 were 3. 8 pCi ^ S r / k g and 3. 1 pCi ] 3 7 C s / k g (cf. 5. 6). 
The daily mean consumption of fruit consisted of 100 g of Danish and 40 g 
of foreign origin. Hence the mean contents in fruit were 3. 7 pCi 9 °Sr /kg 
• d 2.6 pCi I 3 7 C s / k g . 
5. 9 .8 . Meat 
From table 5. 8.1 the annual mean values of ^ S r and ' 3 7 C s in meat 
were calculted: 1. 5 pCi 9 ° S r / k g and 2! pCi f 3 7 C s / k g . (Danish meat c ins i s t s 
of 2/3 pork and 1/3 beef). 
3. 9. 9. Fish 
90 137 
The Sr and Cs contents in fish a r e estimated from 5. 8. 2, at 4. 5 
pCi Sr /kg and 54 pCi ' 3 7 C s / k g (mean of all fishsamples collected in 1 973). 
5 .9 .10 . Eflgs 
The activity contents in eggs were estimated from last yea r s es t imate . 
The levels were 2 pCi ^ S r / k g and 4 pCi ' 3 7 C s / k g . 
5. 9 .11 . Coffee and Tea 
A third of the total consumption consists of tea and two thirds of coffee. 
The mean contents from 1 972 1 } were used: 23. 6 pCi 9 0 S r / k g and 106 pCi 
3 7 C s / k g . 
5. 9.1 2. Drinking Water 
90 
The Sr level (population weighted mean) found in drinking water col-
lected in June (cf. table 5. 8. 3) was used as the mean level for drinking 
water , i. e. 0.02 pCi ^ S r / ! . The 1 3 7 C s content in drinking water i s a s -
sumed to be negligible, because we can not detect it even in surface fresh 
water (cf. 4 .4) . 
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5. 9.1 3. Discussion 
90 137 
Tables 5. 9. 3 and 5. 9.4 show the est imates of Sr and Cs in the 
Danish diet in 1 973. The figures should be compared with the levels cal-
90 
culated from the total-diet samples (cf. 5. 7). The Sr es t imates obtained 
1 37 by the two methods were 5. 9 S.U. and 7. 3 S. U. respectively, and the Cs 
137 137 
estimates were 15 pCi Cs/day and 17 pCi Cs/day. The deviation 90 between the two estimates for Sr i s ascribed to the disagreement between 
90 the actual Sr levels in bread and those calculated from grain (cf. table 
5.4 .3) . 
90 
The relative contribution of Sr from milk products was nearly un-
changed compared with 1972 (^35%), whereas that from grain products 
decreased from 43 to 34% The contribution from potatoes, other vegetables, 
1 37 
and fruit was 24%, against 1 7% in 1 972. The relative contribution of C s 
in the total diet changed as follows from 1 971 to 1 972: Milk products were 
nearly unchanged ~19%, grain products decreased from 41 to 25%, and 
meat were nearly unchanged —21 %. 
Table 5.9.3 
90 
Estimat«? of the mean content of Sr in the human diet in Denmark in 1973 
Type i f food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Fruit 
Meat 
Cggs 
Fish 
Coffee and tea 
Drinking water 
Total 
The mean calcium 
p raepa ra t a ) . Hen 
in 1973. 
Annual 
quant i ty 
in kc 
]64.0 
9.1 
80.3 
73.0 
4 3.8 
51.1 
5" . 7 
10,9 
10.9 
5.5 
548 
intake wac e 
ce the 90Sr/C< 
PCi 9 0 S r 
p«?r kg 
5.6 
40.0 
15.4 
3 . 9 
8 .8 
3 .8 
l . f 
2 .0 
4 . 5 
23.3 
0.02 
itimated a t 620 
i r a t i o ir, Lhe 
Total 
,,. 90c pCi Sr 
018 
364 
1237 
285 
385 
194 
82 
22 
49 
130 
11 
3677 
g (approx. 20 
t o t a l d i e t was 
Percentage of 
90 t o t a l pCi Sr 
i n food 
25.0 
9.9 
33.6 
7.8 
10.5 
5.3 
2.2 
0 .6 
1.3 
3 .5 
0 .3 
0-250 g Creta 
5.9 S,U. 
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Table 5.9.4 
Estimate of the mean content of 3 Cs in the human diet in Denmark in 1973 
1
 ' 
Type of food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Fru i t 
Meat 
Eggs 
Fish 
Coffee and tea 
Drinking water 
Tota l 
Annual 
quan t i t y 
in kg 
164.0 
9.1 
80.3 
73.0 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
548 
pCi Cs 
per kg 
6.0 
4 .0 
17.0 
5.4 
2 .1 
2.6 
21.0 
4.0 
54.0 
106 
0 
Total 
pCi 1 3 7Cs 
984 
36 
1364 
397 
92 
133 
1149 
44 
589 
583 
0 
5371 
— i 
Percentage of 
. 137 t c t a l oCi i J Cs 
in food 
18.3 
0.7 
25.4 
7.4 
1.7 
2.5 
21.4 
0.8 
11.0 
10.8 
0 
137 As the approximate in take of potassium was 1365 g , ^he pCi Cs/g K 
137 r a t i o was approx. 3.9. The d a i l y mean in take in l a 7 3 wan 15 pCi C:> 
per c a p i t a . 
It is evident that the food components which depends mostly on the 
fall-out ra te (e .g . grain products) have decreased markedly compared to 
1 37 previous y e a r s . The decrease is as expected most pronounced for Cs, 
due to the very low root uptake from Danish soi ls . We may notice the 
1 37 increasing rela t ive importance <•>£ fish as a Cs donor in the human diet, 
this trend has been predicted in an ea r l i e r publication '. 
6. STRONTIUM-90 AND CAESIUM-1 37 IN MAN IN 1 973 
6 . 1 . Strontium-90 in Human Bone 
The collection of human ver tebrae from the insti tutes of forensic medi 
o 
cine in Copenhagen and Arhus was continued in 1 973. As in the total-food 
survey (cf. 5. 7), the country was divided into eight zones. The samples 
were divided into five age groups: new-born ((1 month), infants (1 month-
4 years) , children and teen-agers ( 5 - 1 9 years) , adults ( *29 years) and 
adults ( ) 29 years) . 
Tables 6.1.1 - 6 . 1 . 5 show the resul ts for the five groups. 
Table 6.1.1 
Strontium-90 in bone from new-born children (< 1 month old) in 1973 
Zone 
II 
VI 
Age in 
days 
8 
0-6 
Month 
of 
death 
10 
2-9 
Sex 
M 
F 
9(1 pCi y Sr/g Ca 
1.44 A 
2.3?" 
A: Relative S.D. : 20-33% 
4 samples combined in one analysis. 
Table 6.1.2 
Strontium-90 in bone from infants (<_ 4 years old) in 1973 
Zone 
II 
II 
II 
II 
II 
VI 
VI 
VI 
VI 
Age in years 
and months 
3 m 
7 rn 
i y 
1-3 m 
2.5 y 
2 m 
2-3 m 
3-6 m 
14-18 m 
Month 
of 
death 
8 
6 
9 
6-10 
7 
10 
2-12 
3-11 
3-8 
Sex 
M 
M 
M 
r 
F 
F 
F 
F 
F 
pCi 90Sr/g Ca 
2.00 
2.03 
2.02 
0.51* 
1.26 
1.20 
1.51* 
3.26v 
1.14* 
4 samples combined in one analysis 
6 samples combined in one analysis 
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T a b l e 6 . 1 . 3 
S t r o n t i u m - 9 0 i n bone from c h i l d r e n and t e e n - a g e r s (L 19 y e a r s ) in 1973 
Zone 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Age i n 
years 
10 
16 
17 
18 
19 
6 
8 
16 
7 
10 
12 
13 
1* 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
19 
6-7 
10 
9-10 
13 
13 
13 
17 
17 
18 
18 
19 
19 
Montt> 
o f 
d e a t h 
7 
9 
7 
8 
12 
6 
9 
5 
4 
11 
3 
9 
6 
12 
2 
3 
12 
1 
10 
7 
3 
9 
10 
3-11 
5 
7-11 
12 
9 
10 
9 
11 
3 
3 
12 
10 
Sex 
F 
F 
F 
F 
M 
M 
M 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
pCi 9 0 S r / g Ca 
1.99 A 
1.35 
2 . 3 1 
1.30 A 
1.13 
1.21 
1.64 
2 .13 
1.45 A 
i . 5 8 
1.25 
2.44 
1.03 A 
1.30 A 
1.65 A 
0 .91 B 
5.05 
1.31 A 
1.33 
3.43 
1.55 
2 .44 
1.10 
1.83 
1 .40* 
1.15 
1 . 4 1 * 
1 .07 A 
2 .35 
0 .52 B 
1.75 
0 . 9 8 A 
1.74 
1.27 
1.12 
1.04 
2 aample* combined in on« analysis 
A: Relative S.D.: 20-33* 
B: Relative S.D.j > J3% 
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Table 6.1.4 
Strontium-90 in vertebrae from adults (<^  29 years) in 1973 
Zone 
II 
II 
II 
II 
II 
III 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Age in 
years 
20 
21 
24 
29 
24 
26 
20 
21 
21 
22 
23 
23 
23 
23 
23 
24 
24 
25 
27 
20 
21 
22 
22 
24 
25 
28 
28 
29 
Month 
of 
death 
S 
10 
8 
9 
9 
6 
3 
7 
10 
7 
6 
9 
7 
10 
10 
12 
7 
10 
3 
8 
9 
3 
10 
6 
3 
6 
4 
12 
A: Relative S 
Sex 
F 
F 
F 
F 
M 
M 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
H 
M 
M 
M 
M 
M 
M 
M 
H 
,D.: 20 
pCi 90Sr/g Ca 
1.28 
1.37 
2.20 
1.31 A 
1.94 
2.17 
1.56 
1.29 
1.68 A 
1.87 A 
1.01 
1.59 A 
1.48 
1.42 A 
1.34 
0.52 A 
1.49 
1.36 
1.06 
0.98 
1.95 
2.72 
1.60 
1.40 
1.58 A 
0.48 
2.01 
1.15 A 
-33* 
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Table 6 .1 .5 
inwrtebM«
 lram 4 d u i t s ( > 2 , y e - r s o W ) -n 1 $ ? J 
70 
Table 6.1.6 
Strontium-90 (pCi/g Ca) in human vertebrae collected in Denmark in 1973 
Age group 
New-born 
(< 1 month) 
Infants 
(< 4 years) 
Children 
<£ 19 years) 
Adults 
(£2 9 years) 
Adults 
(>_ 30 years) 
Number of 
samples 
5 
23 
38 
28 
43 
Number of 
analysis 
2 
9 
36 
28 
43 
Min. 
1.44 
0.51 
0.52 
0.48 
0.72 
Max. 
2.32 
3.26 
5.05 
2.72 
3.60 
Median 
1.88 
1.51 
1.38 
1.45 
1.4*t 
Mean of 
analysis 
1.88 
1.66 
1.63 
1.49 
1.66 
Sample number 
weighted mean 
2.14 
1.77 
1.62 
1.49 
1.66 
Table 6.1.7 
Strontium-90 in human bone in 1972 
Zone 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Age 
21 years 
21 years 
21 years 
2 2 years 
2 2 years 
2 3 years 
2 3 years 
2 5 years 
27 years 
Month 
of 
death 
3 
11 
11 
2 
4 
3 
5 
9 
3 
Sex 
F 
F 
F 
F 
F 
F 
F 
F 
F 
pCi 9rlSr/g Ca 
1.11 A 
1.32 A 
3.63 A 
2.45 
1.63 
2.11 
1.10 
2.86 
3.65 
pCi 90Sr/g Ca 
© 
0
 O© rs rs® 
®
 0 © 0 © ® S>® 
3d Kd 30d 3m 6m 9m 1y 2y 4y 7y10y 20y 40y60y»0y 
Fig. 6 .1 . Strontium-90 in human vertebrae in I 973 (the figures in the 
circles indicate the number of samples) 
The levels were generally a l i t t le lower in 1 973 than in 1 972. The 
highest mean level in vertebrae were found in the newborn, but the levels 
in the different agegroups were nearly the same. 
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6. 2. Caesium-137 in the Human Body 
In July 1 963, whole-body measurements were initiated at Risø in the 
low-level counting room in the Health Physics Department {cf. 2. 3 in Risø 
Report No. 851 ). A control group from the Health Physics Department 
was selected and has since then been measured three t imes a yea r . Table 
6. 2 shows the resul t s . 
Table 6.2 
:ole-body measurements of caesium-137 and potassi i 
No. 
2 
3 
7 
8 
9 
12 
19 
20 
21 
22 
23 
24 
26 
30 
31 
32 
33 
34 
35 
42 
43 
44 
46 
47 
48 
49 
50 
4 
7 
* 1 
Sex 
F 
F 
F 
M 
M 
M 
M 
M 
F 
M 
M 
M-
F 
F 
M 
F 
M 
M 
M 
M 
M 
F 
M 
M 
F 
M 
M 
F 
F 
M 
Counting 
date 
April 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Aug. 
-
Age 
25 
41 
45 
41 
45 
35 
31 
41 
52 
50 
43 
42 
34 
27 
31 
44 
42 
31 
32 
45 
56 
23 
45 
32 
34 
61 
25 
49 
4 S 
41 
Height 
in cm 
165 
178 
171 
193 
170 
174 
174 
172 
176 
183 
192 
170 
160 
168 
182 
157 
184 
177 
181 
172 
167 
170 
176 
176 
162 
168 
169 
161 
171 
193 
Weight 
in kg 
53 
64 
65 
80 
67 
75 
73 
64 
57 
74 
88 
74 
56 
58 
77 
58 
64 
72 
70 
61 
69 
58 
73 
78 
50 
80 
65 
60 
64 
78 
pCi i J /Cs/5 K 
24.7 
5.3 
I't. ' , 
1:4.1 
8.0 
13.0 
13.3 
18.4 
9.0 
! 7.7 
14.3 
14.9 
16.3 
9.5 
27.4 
3.5 
16.3 
13.3 
20.4 
6.9 
6.1 
8.1 
17.8 
7.2 
2.6 
16.1 
9.9 
6.3 
5.9 
14.7 
pCi 137Cs/kg 
47.0 
8.8 
2 3.7 
39.6 
15.4 
24.5 
26.4 
40.2 
13.7 
16.7 
28.2 
32.0 
29.1 
21.6 
54.8 
6.1 
37.9 
30.0 
40.1 
15.5 
11.4 
13.2 
3S.8 
IS.2 
4,9 
29.0 
22.0 
7.5 
8.5 
27.7 
i 
g K/kg 
body weight 
1.9 
1.7 
1.6 
2.1 
1.9 
1.9 
2.0 
2.2 
1.5 
2.2 
2.0 
2.1 
1.8 
2.3 
2.0 
1.8 
2.3 
2.3 
2.0 
2.2 
1.« 
1.6 
2.0 
2.3 
1.9 
1.8 
2.2 
1.2 
1.4 
. . , 
72 
(S 2 c » - ! ' - i e i ' . 
No, 
12 
19 
20 
21 
22 
23 
24 
26 
30 
33 
35 
42 
45 
47 
48 
49 
51 
1 
? 
4 
S 
IS 
19 
20 
2? 
2 4 
26 
30 
31 
43 
46 
47 
48 
49 
51 
52 
53 
90 
Sex 
M 
M 
M 
F 
M 
M 
M 
F 
M 
M 
M 
M 
F 
M 
F 
M 
M 
F 
F 
F 
M 
n 
M 
H 
M 
M 
F 
M 
M 
M 
M 
M 
F 
M 
H 
F 
F 
M 
Counting 
date 
Aug. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Dec. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Age 
35 
31 
41 
52 
50 
43 
42 
34 
27 
42 
32 
45 
2(5 
32 
34 
61 
41 
23 
25 
4 9 
41 
34 
31 
41 
50 
42 
34 
27 
31 
56 
45 
32 
34 
61 
41 
36 
48 
52 
Height 
in cm 
174 
174 
172 
176 
183 
192 
170 
160 
168 
184 
181 
172 
167 
176 
162 
168 
175 
160 
165 
161 
193 
178 
174 
172 
183 
170 
160 
168 
182 
167 
176 
176 
167 
168 
175 
173 
154 
185 
Weight 
in kg 
7S 
73 
64 
63 
74 
85 
74 
56 
58 
63 
68 
58 
57 
78 
50 
75 
85 
57 
52 
61 
80 
78 
72 
n 
74 
76 
55 
61 
72 
70 
78 
78 
50 
80 
86 
55 
85 
111 
1 37 ' 
pCi 1 J Cs/g K 
7.6 
10.2 
12.5 
18,3 
8.7 
8.1 
19.1 
4.5 
11.2 
10.1 
12,7 
10.1 
9.7 
7.0 
2." 
10.1 
4.8 
15.1 
15.1 
24.2 
15.4 
6.5 
10.4 
12.0 
7.7 
8.7 
11.4 
13.6 
12.1 
3.3 
6.4 
7.0 
8.6 
2.6 
9.3 
22.8 
5.3 
7.6 
1 37 
pCi i"S'Cs/kg 
13.1 
21.7 
24.0 
29.5 
16.8 
14.2 
32.2 
7.5 
22.5 
21.6 
21.7 
21.5 
21.0 
12.6 
4.4 
17.8 
9.8 
32.9 
30.3 
41.5 
27.5 
12.2 
20.0 
22.8 
17.9 
17.0 
18.7 
28.5 
. '.1 
6.3 
12.7 
15.1 
19.U 
4.0 
14.0 
«*6.7 
7.1 
12.6 
g K/kg 
body weight 
1.7 
2.1 
1.9 
1.6 
1.9 
1.7 
1.7 
1.7 
2.0 
2.1 
1.7 
2.1 
2.2 
1.8 
1.8 
1.8 
2.0 
2.2 
2.0 
1.7 
1.8 
1.9 
1.9 
1.9 
2.3 
2.0 
1.6 
2.1 
2.2 
1.9 
2.0 
2.2 
2.3 
1.6 
1.5 
2.0 
1.3 
1.6 
73 
i 37 
The annual mean value of the control group was 11 pCi Cs /g K. As 
ear l i e r , we shall consider this figure representa t ive of the mean of the 
Danish population in 1 973. The total-body content of Cs in 1 972 for a 
standard man containing 140 g of potassium equals 140* 11 • 10 nCi = 1.5 
nCi Cs, i. e. 70% of the 1 972 level. 
Fig. 6. 2 shows the mean M. U. values (with one S. D.) for men and 
women measured in 1 963-1 973. 
The maximum was reached in August 1 964. The figure also shows that 
the mean level in the male group was approx. 1.3 - 1.5 t imes as high as 
that in the female group. 
'37, Cs/gK i 
% 
f 
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 \ 
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i 1 i t 
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Fig, 6.2, Caesium-t37 mean levels inhumane, 1963-73 (1 S. D. indicated) 
7. STHONTIUM-90 AND CAESIUM-1 37 IN SEA WATER IN 1 973 
Collecting of sea water samples ,as initiated in 1 961 -62, was continued 
in 1 973. M/S Fyrholm collected samples at the locations around Zealand 
(cf. fig. 7. 2) in May and November. Table 7.1 and fig. 7.1 show the r e su l t s . 
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Fig. 7 .1 . Strontium-90 in surface sea-water from inner Danish waters, 
1962-73 (t S.D. indicated). (From table 7.1) 
It is remarkable that both 9 0 Sr and ' 3 7 C s levels were higher than those of 
las t year . We have at present no definitive explanation for this unexpected 
increase . We believe that the ra the r high levels in the North Sea (cf. table 
7. 4) could be responsible to some degree. This i s supported by the fact 
that especially the water of high salinity showed high 1 3 7 C s levels. We 
know that the North Sea is polluted with 9 0 S r and especially 1 3 7 C s from 
Bri t ish and French nuclear plants (cf. below and Risø Report No. 2911 *). 
Table 7. 2 shows the levels in the samples collected in the Sound at B a r s e -
back in 1 973, and in table 7. 3 we find samples collected in the Kattegat at 
Ringhals. The resul ts from these tables a r e included in fig. 7, 3. We cal-
culated a regress ion equation for 1 973: pCi 9 0 S r / l = 0. 95 - 0. 014%, how-
ever, the variation of activity with salinity was not significant. 
A 137 90 
As in 1 972, the Cs / Sr rat io was positively corre la ted with the 
salinity. Contrary to last year , however, a regress ion analysis could not 
prove any significant variation of the rat io with salinity. Fig. 7. 4 shows 
that especially the samples with high salinity showed higher , 3 7 C s / 9 0 S r 
rat ios in 1 973 than in 1 972. From table 7.1 it appears that no high salinity 
samples from the November sampling around Zealand showed extreme 
ra t ios . 
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SD 
SE 
9 0 S r 
p C i / l 
0 . 5 5 
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0.U3 
0 .18 
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0 . 2 3 
0 . 5 3 
1 .39 
0 , 6 3 
0 .56 
0 . 3 1 
0 . 1 0 
1 3 7 c s 
p C i / 1 
0 .85 
0 .83 
1.23 
0 .76 
1.0? 
1,00 
0 .90 
Q,nu 
3 .09 
1.75 
1.19 
0.B9 
0 . 2 ? 
l a ' i n i *•' 
o /oo 
3 1 . 1 
28.fi 
3 i . h 
31 .2 
31.2 
3 1 . ' . 
3 i , 2 
? 3 . 2 
31 .1 
11.5 
32 . *> 
3 .7 
1,2 
; 
-
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Fig. 7. 3. Strontium-90 in Danish sea-water related to salinity (+ observed 
values in t 973) 
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0.2 
0 
Sr 
* • 
* * 
. Z ' ' ' ' "' ' "^ " • > 1 » T 1 r 
6
 ' B 9 10 15
 2 0 
- i — i i 
25 
r r f l I -r i 
30 Salinity in •/• 
Fig. 7.4. Cae«ium-)37/Strr>ntiuni = i>0 ratio« in inner Danish waters in 1 972 (o) 
and in 1 973 (+) related to salinity 
Fig. 7. 5. Caeshim-137 fupper figure) and Strontium-90 (l"wcr figure) 
in surface sea water collected in the North Sea in Februa ry 1973. 
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Table 7.4 sliows the levels in some sea water samples collected in 
February by the DANA in the North Sea. Fig. 7. 5 is a map showing the 
sampling locations. As compared with collecting in September 1 972 , 
when samples were collected from the Northern part of the North «^ i close 
to Scotland, this year samples were obtained from the more central parts 
of the North Sea. The highest levels were found in the sample closest to 
137 90 Scotland. The C s / Sr ra t ios were g rea te r than two in half of the 
samples . This we take as an indication of a general radioactive pollution 
of the ent i re North Sea from sources other than nuclear weapons tes ts . 
Br i t i sh investigations have shown that Windscale is probably mainly 
1 37 
responsible for the high Cs concentrations in Scottish waters . A current 
from the I r ish Sea runs north and turns clockwise around Scotland. Britisli 
I 37 
measurements from March 1973 show the same C level, i. e. 3 pCi 
1 37 
Cs/1 , off Aberdeen as we found in February. 
\ 
8. SPECIAL SURVEYS 
8. 1. Meteorological Mast Experiment 
As in previous yea r s , samples of precipitation were collected from the 
90 
meteorological mas t at Risø at eight different heights. The Sr analyses 
were carr ied out on half yearly samples . 
Tab'e 8.1.1 shows the Sr levels in the eight bottles throughout the 
90 year . We may notice the same tendency as observed ear l ie r : The Sr 
concentration increases with increasing altitude. 
The mean amount of precipitation in the eight bottles on the mast was 
488 mm in 1 973, i. e. 88% of the level measured in r a m bottles at ground 
level at Risø (cf. table 3. 2. 4.1 ). The total deposition was 0.1 5 mCi 
9 0 S r / k m 2 , i. e. 53% higher than the level measured at the ground stations 
at Risø (cf. 3 .2 .4) . 
;t rcrit:! •:::-'<'i hi *he meteorological mast 1973 
1 
i 
i 
1 
J a n . - J u n > ' 
J u l y - D ^ c . 
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il . ? f> 
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' ' . • ; • - 1 
<; . O S K 
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0 . 1 U 1 
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"" ' 1 ' • , n ' 
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0 . 4 9 
0 . 1 9 
X 
0 . 3 1 
2 
mC i / k m 
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t 
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8. 3. Human Milk 
No human milk samples were collected in I 973. 
8. 4. Country-wide Measurement of the ^-Background in 1 973 
8. 4 . 1 . State Experimental Fa rms 
As in previous years ', the Y-background was measured in March, June. 
September, and December at ten State experimental fa rms . Table 8 .4 .1 .1 
shows the resu l t s , and table 8 . 4 . 1 . 2 gives the analysis of variance. The 
variations between locations as well as between months were highly significant 
T^hle 8 .4 .1 .1 
•»-background a t the s t a t e experimental farms ir. 1973 (yR/h) 
T y l s t r u p 
S t u d s g å r d 
Ødum 
A s k o v 
S t . J y n d e v a d 
B l a n g s t e d g å r d 
T y s t o f t e 
V i r u m g å r d 
L e d r e b o r g 
A b e d 
Å k i r k e b y 
Mean 
M a r . 
4 . 3 1 0 . 0 
3 . 6 1 0 . 0 
5 . 0 1 0 . 0 
4 . 8 1 0 . 0 
3 . 2 1 0 , 1 
5 . 8 1 C . 1 
6 . 3 1 0 . 0 
6 . 1 1 0 . 1 
6 . 2 1 0 . 1 
6 . 3 1 0 . 1 
( 7 . 7 ) 
( S . 4 ) 
J u n e 
( 5 . 7 ) 
3 . 8 1 0 . 0 
( 6 . 4 ) 
6 . 1 1 0 . 1 
3 . 9 1 0 . 1 
6 . 7 * 0 . 1 
9 . 0 1 0 . 5 
7 . 0 1 0 . 1 
* 7 . 8 1 0 . 0 
6 . 4 1 0 . 1 
8 . 8 1 0 . 0 
( 6 . 5 ) 
O c t . 
5 . 6 * 0 . 1 
4 . 6 1 0 . 1 
<= .5±0 .1 
6 . 2 1 0 . 0 
* 4 . 0 l 0 . 0 
6 . 7 1 0 . 1 
7 . 1 1 0 . 1 
( 6 . 6 ) 
6 . 5 1 0 . 1 
f.010.4 
( 8 . 5 ) 
( 6 . 2 ) 
D e c . 
5 . 1 1 0 . 0 
6 . 0 1 0 . 1 
6 . 0 * 0 . 1 
3 . 9 1 0 . 1 
6 . 6 1 0 . 1 
6 . 7 » 0 . 1 
6 . 1 1 0 . 1 
( 6 . 7 ) 
6 . 1 1 0 . 1 
( 8 . 3 ) 
( 6 . 0 ) 
Mean 
( 5 . 3 ) 
i .
 p ' 
C . n ) 
6 . « 
f , . : 
7 . 1 
(< - . ' . ) 
< ft . 8 > 
6 . ? 
( 8 . 3 ) 
6 . 0 
T h e e r r o r t ' f i i i s t h e S . E . ol t h e " » a n o f 6 d e t e r m i n a t i o n s 
e x c p t w h i c h w e r e b a s e d o n '' d e t e r m i n a t i o n s . 
Tabie 3 .4 .1 .2 
Analysis of variance of the y-background 
at the s tate experimental farms in 1973 
(from table 8 .4 .1 .1) 
V a r i a t i o n 
B e t w e e n l o c a t i o n s 
B e t w e e n m o n t h s 
hoc. x m o n t h s 
R e m a i n d e r 
sst> 
2 8 6 . 4 1 4 
3 0 . 4 2 9 
2 9 . 5 7 3 
f 
10 
3 
23 
2 0 . 1 2 1 1 7 9 
„2 
i 8 . 6 4 1 4 
1 0 . 1 4 3 1 
1 . 2 8 5 8 
0 . 1 1 2 4 
-( 
v 2 
2 2 . 2 8 
7 . 8 9 
U . 4 4 
r 1 
> 9 9 . 9 5 t 
> 9 9 . 9 % 
> 9 9 . 9 5 % 
— 
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(P ) 99. 95%). As in previous years , it was evidently not the fall-out that 
determined the variation between locations. The mean level in 1 973 was 
equal to that in I 972. 
Fig. o.4 shows the Y-background in four groups of sampling stations 
since 1 962. The fact that stations with a low fall-out ra te and a high clay 
content in the soil (Abed, Blangstedgård, and Tystofte) show higher V-levels 
than stations with a high fall-out ra te and a low clay content (but a high sand 
content) (Studsgård, St. Jyndevad, and Askov) was discussed in Risø Report 
No. 1541*. 
nR/n «, o o Åkirkeby 
/ \ « * Abed, Blangstedgård, Tystofte 
7
 1964"' 1965 ' 1966"' 1967 '^ 1968 " 1969 ' 1970 19 7.""^" 1972~""7§73 
Fig. 8 .4 . The V-background in the State experimental farms, 1962-73 
B.4.2. The Risø Environment 
V-background measurements were performed in the five zones round 
Risø in July. The measurements were car r ied out at the locations where 
grass and soil are collected (cf. figs. 3 ,1 .2 .1 and 3 . 1 . 2 . 2 (the coloured 
map)). 
Table 8.4. 2 shows the resul ts . 
At all locations in zone I especially at the waste t reatment station and 
at locution 2 in zone II the Y-background shows increased levels because of 
the various radiation sources at the resea rch establishment. The weighted 
annual mean for zones III-V was 6. 5 nR/h. In zone I the surplus activity 
from the research establishment was 1 8 , 0 - 6 . 5 = 11.5 >iR/h (in 1 967: 4. 0, 
in 1 968: 3. 9, in 1 969: 3. 3, in I 970: 4. 7, in 1 971: 1. 6, and in 1 972: 5.0). 
A man working in the open in the Risø area 40 hours a week for 45 weeks a 
year would thus get a surplus dose of 21 mR/yea r . 
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Y-l'ackgrouo.d (uR 6) in t^e five zones: aroun.! Rise :n 19">3 
Risø zone 
(cf. coloured 
map) 
I 
Mean 
II 
Mean 
III 
Mean 
IV 
Mean 
V 
Mean 
Location 
i 
1 
2 
3 
4 
I 
T 
3 
4 
1 
3 
1| 
5 
f, 
1 
8 
1 
2 
3 
u 
5 
6 
n 
q 
10 
11 
12 
Mar. 
6.3 
8.5 
37.fi 
11.R 
It.2 
15.7 
5.2 
7.8 
5.6 
5.4 
6.0 
6.1 
5.8 
5.f 
6.4 
5.7 
Apr. 
6.7 
9.1 
4° .6 
11.3 
1 4 . f-
18.1 
May 
8.0 
9. I 
3S.u 
10.2 
14.fi 
15.5 
b.7 
7.u 
5.6 
5.6 
t. . Q 
6 . 1 
5.4 
5.8 
6.6 
5 .7 
c>.fl 
6 .1 
• . 3 
6.6 
6.« 
6,1 
5,6 
',, 8 
5.6 
5.8 
6.6 
6.1 
6. 1 
6.1 
5,4 
6.1 
5,8 
5.« 
5.« 
6.8 
5.8 
July 
10.4 
10.7 
u 1.8 
10.6 
16.8 
18. C 
8.3 
o.o 
7.3 
7.1 
7.9 
8.0 
7.6 
7.R 
7.1 
7.6 
Aug. 
14.4 
10. 4 
60. 3 
"2.6 
16. 1 
20.7 
7.3 
6 .6 
6.1 
' . f i 
6.9 
3.9 
6.9 
6.9 
6.6 
6.6 
6.9 
6.« 
f>,6 
7.1 
7.1 
7,1 
6.6 
6.2 
6.6 
6.9 
6. '• 
6.8 
Sept. 
8.5 
10.2 
5 5.0 
12.S 
18.4 
20.9 
6.9 
8.0 
b.6 
6.6 
7.0 
7.3 
6.6 
6.« 
6.V 
Oct . 
7.1 
9.2 
43.: 
11.1 
19.1 
17.9 
6.2 
8.3 
6.2 
7. 1 
7.0 
7.6 
6.9 
6.9 
6.7 
6.9 6.9 
6.6 
7.1 
6.? 
6.6 
6.6 
6.2 
f .4 
7.1 
6.6 
5.7 
6.4 
7.1 
6.4 
7.1 
5.9 
7.} 
7.1 
7.1 
5.9 
6.6 
6, " 
6.6 
Nov. 
6.9 
8.7 
43.7 
11.6 
17.7 
17.5 
6.4 
8.3 
6.4 
6.6 
6.9 
7.3 
6.6 
6.9 
6.4 
6.S 
6.4 
6. 9 
6.2 
6 .4 
6.4 
6.7 
6.7 
6,6 
6.4 
6.9 
6.6 
6.9 
6.6 
7. ! 
6.7 
7.1 
6.9 
6.8 
6.2 
6.4 
6.7 
Mean 
8. 5 
9.4 
44.4 
11.4 
16.4 
18,0 
6.4 
1.2 
6.3 
6.4 
6.8 
7.1 
6. S 
6.6 
6. 1 
6.6 
6.6 
6. 7 
6.4 
6 . 2 
5. -
6.0 
6 . it 
6.6 
6.4 
6.7 
6.4 
6.5 
6.4 
6.8 
6.3 
6.7 
6.7 
6.5 
n, 6 
6.4 
6.6 
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8. 4. 3. A Location in Zealand 
As it is important to have knowledge of the preoperational radiation 
levels before a nuclear power plant goes cri t ical , it was in 1 967 decided to 
initiate such measurements at a location in Zealand (and one in Jutland) 
the neighbourhood of which might be used for nuclear power plants in the 
future. 
The area around the location was divided into four zones: A, E, C,and 
D, with radii of 5, 10, 1 5, and 20 km respectively. The zones were each 
divided into 1 2 30 sectors , sector 1 being from due north and 30 clock-
wise, sector 2 from 30 to 60 , and so on. A measuring location was thus 
determined by a zone le t ter and a sector number. Locations in the sea 
were omitted. 
Table 8.4. 3 shows the resul ts . The annual mean for all locations was 
6.4 nR/h, i. e. nearly equal to the level found in zones III-V around Risø. 
~ a M e fl.u. » 
> -ha rVgrounf l ( u P / h ) a r o u n d a l o c a l ; ;n i:\ Z e a l a n d ' n 11~'3 
' ! ' / n e a n d s p e ' o r 
A 7 
A < 
A -• 
A H 
A ') 
' I ' - a n 
:' 7 
' 6 
B 9 
Mpan 
" c * . 
6 . i i 
5 . 0 
7 . 1 ' 
6 . 6 
7 . 1 
6 . 2 
6 . 3 
7 . 8 
6.'< 
6 . 9 
r i . 9 
7
. 1 
6 . 6 
5 . 9 
6 . ? 
6 . 9 
6 . 9 
6 . 7 
"nap an-i s»cfor 
". i 
• : • 
C .1 
" i . 
: ; 
C 6 
'T 7 
'.' fl 
C 9 
. 1" 
i: I ; 
'" ; ? 
Mpcin 
D i. 
n 6 
D 6 
;: 7 
:> » 
D 9 
n ;n 
i) i i 
n -.7 
M<nn 
-c ^ . 
U . 5 
'i . 7 
6 . T 
b . . . 
7 . 1 
7 . 1 
6 . 6 
7 . I 
6 . i 
6 . ' - • 
S . -
6 . 3 
fl.O 
b . 7 
6 . 6 
7 . 1 
fi .!* 
7 . 6 
5 . U 
6 . U 
6 . 4 
".'' 
f . 1 
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8. 4. 4 . A Location in Jutland 
Table 8. 4. 4 shows a s imi lar investigation as in 8. 4. 3 for a location in 
Jutland. The annual mean for all locations was 6.1 nR/h, i. e. nearly equal 
to the levels of Zealand (cf. 8. 4. 2 and 8. 4. 3). 
T a b l e 8.U.14 
Y - b a c k g r o u n d ( p R / h ) a r o u n d a l o c a t i o n i n J u t l a n d 
Zone a n d s e c t o r 
A 1 
A 2 
A 3 
A U 
A 5 
A 6 
A 7 
A 8 
A 9 
A 10 
A 11 
A 12 
Mean 
B 1 
B 2 
B 3 
B k 
B 5 
B 6 
B 7 
B 8 
B 9 
B 10 
B 11 
B 12 
Mean 
O c t . 
6.r . 
6 . 6 
7 . 1 
5 . 0 
7 . 1 
t . 7 
5 . i t 
5 . 0 
5 . 2 
6 . 9 
6 . 2 
6 . U 
6 . 0 
5 . 1 
6 . 1 4 
5 . 7 
8 . 0 
6 . 9 
6 . 6 
5 . 9 
6 . 6 
6 . 2 
5 . 9 
6 , 2 
6 . 9 
6.U 
• 
Z o n e a n d s e c t o r 
C 1 
C 2 
C 3 
C U 
C <> 
C 6 
C 7 
C 8 
C 9 
C i 0 
c ; i 
c 1 ? 
" • ' ' i r i 
i n 1 9 7 3 
O c t . 
6 . 2 
n . 6 
11. 7 
7 ' 
6 . T 
' . . 7 
i' . F 
f, . . 
, '1 
5 . 0 
r >.7 
f.. c, 
6 . 1 
— - - -I ' 
1 
u : 1 
| 
- • l •:' 1 
i ' l 
D b ! '..,- ' 
:, > 
Li 7 | 
P f! 
D 9 
D 1 0 
n 1 1 
D i; j 
Mean 
,. 1 
r
. . 9 
r
. . ' ) 
f,, 7 
6 . 2 
5 . 9 
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8. 4. 5. The Coasts of the Great Belt 
The Great Belt is a main shipping route for international traffic through 
inner Danish waters . Occasionally this waterway will be passed by nuclear 
ships. An environmental V-survey of the coastline along the Great Belt is 
therefore performed. Table 8. 4. 5 shows the r e su l t s . The levels were 
mostly a little lower than those found in most of the other par ts of the 
country. The annual mean was 6.1 nR/h, i. e. equal to that found in 1 972. 
T a b l e 
The Y - b a i ^ g r o u n ' ! , i R / h ) a l o n g t h e c o a s t s o f t h e G 
L o c a t i o n 
A g e r s ø 
Omø 
Rdsn.TS 
R e e r s ø 
•lal s k o v 
K n u d s h o v e d 
}'• i s i n g e 
F y n s Hov.' 1 
T a r u p s t r a n d 
L a n g e l a n d N. 
T r a n e k æ r 
V i n d e b y s t r a n d 
K e l d s Nor 
f lean 
O c t o b e r 
4 . 5 
5 . 2 
6 . 4 
5 . 4 
6 . 4 
5 . 4 
•)."? 
5 .T 
6 . 2 
S . 9 
6 . 2 
6 . 9 
H . !J 
. . . 
9. CONCLUSION 
9.1 . Risø Environmental Monitoring 
No radioactive contamination of the environment originating from the 
operation of the research establishment was ascertained outside Risø in 
1 973. As in previous yea r s , the variations in contamination level were 
independent of the distance of the sampling locations from Risø. 
9. 2. Nuclear-Weapon Debris in Air, Precipitat ion, Soil, Ground Water, 
and Surface Water 
90 The mean content of Sr in a i r collected in 1 973 was 0.0004 pCi 
90 3 
S r / m , i . e, half of the 1 972 level. The average fall-out at the State ex-
90 2 
perimental farms in 1 973 was 0.1 9 mCi S r /km or approx. 45% of the 90 1 972 figure, and the mean concentration of Sr in rain water was 0. 31 
pCi 9 0 S r / l . 
By the end of 1 973 the accumulated fall-out down to a depth of 30 cm 
90 2 137 
was approx. 51 mCi Sr /km . The corresponding Cs was measured 
at 97 m C i / k m 2 . 
In agreement with the grea te r amounts of precipitation in that part of 
the country the fall-out levels in Jutland were 15-25% higher than the levels 
found in eastern Denmark. 
90 90 
The median level of Sr in Danish ground water was 0. 006 pCi S r /1 . 
9. 3. Strontium-90 and Caesium-1 37 in the Human Diet 
90 The mean level of Sr in Danish milk was 4. 7 S. U. , and the mean 
137 1 37 
content of Cs was approx. 6 pCi Cs /1 . 
The 1 973 Sr and ' 'Cs levels were 30-50% lower than the levels 
found in milk produced in 1 972. 
The Sr mean content in grain from the 1 973 harvest was 25 pCi Sr /kg. 
137 137 9fl 
The Cs mean content in grain was 10 pCi Cs/kg. The Sr level in 
grain from the 1 973 harvest was 2/3 of the level found in the 1 972 i.arvest, 
and Cs was approx. 2/5 of the 1 972 level. 
90 137 
The mean contents of Sr and Cs in Danish vegetables collected in 
an 1^7 
1 973 were 9 pCi Si-/kg (27 S. U.) and 2.1 pCi Cs/kg respectively, and 
90 137 
in fruits 3.8 pCi ' Sr/kg and 3 pCi Cs/kg; potatoes contained 3. 9 pCi 
9 0 S r / k g and 5 pCi ' 3 7 C s / k g . 
90 
The mean levels of 9 0 S r and 1 3 7 C s in total-diet samples collected in 
1 973 were 7. 3 S. U. or 1 2.6 pCi 9 0 Sr /day and 1 7 pCi ] 3 7 Cs /day respectively. 
Qn 
From analyses of the individual diet components the Sr level in the Danish 
average diet was estimated to be 5. 9 S. U. and the 1 3 7 C s intake to be 1 5 
pCi 1 3 ? Cs /day . The 9 0 S r levels in the Danish total d i d consumed in 1 973 
were 10-20% lower than the 1 972 levels, while the 1 Cs levels were 50% 
lower. p , 
Grain products contributed 34% and milk products 35% to the total * Sr 
intake, and 21 % of the 1 3 7 C s in the diet came from meat, 25% from grain 
products, and 1 9% from milk products. 
The 9 0 Sr as well as the 1 3 7 C s diet levels were on the average significantly 
higher in Jutland than in eastern Denmark. 
9.4. Strontium-90 and Caesium-137 in Humans 
The 9 0 Sr mean content in human bone (vertebrae) collected in 1 973 was 
2.1 S.U. in new-born children, 1.8 S.U. in infants, 1.6 S.U. in children 
and teen-agers , 1. 5 S. U. in adults (20-29 years old), and 1. 7 S. U. in adults 
of more than 29 y e a r s . The 1 973 bone levels were generally a lit t le lower 
than the 1 972 levels . 
The mean content of ' 3 7 C s in the human body in 1 973 was estimated 
1 37 from whole-body countings to be 1. 5 nCi (11 pCi Cs /g K), somewhat 
lower than the 1 972 level. 
9. 5. Strontium-90 in Sea Water 
The mean content of 9 0 S r in inner Danish surface waters was approx. 
0. 75 pCr 9 0 S r / l in 1 973, i . e. probably a little higher than the levels in 
previous years . The ' Cs concentration was approx. 1.1 t imes the Sr 
concentration in surface water collected in the inner Danish waters (mean 
salinity 1 5 o/oo). 
9. 6. The V-Background 
The Y-background measured at the State experimental farms in 1 973 
was 6.0 nR/h, which is unchanged from las t year . 
9 .7 . Summary 
Neither in 1971 nor in 1 972 thermonuclear atmospheric tests were 
carried out in the Northern hemisphere. All levels which mostly depend 
upon the activiwy in the atmosphere have consequently shown a marked 
decrease since 1971. 
91 
The concentrations of long-lived fall-out nuclides in ground-level air 
and precipitation collected in 1 973 were 40-50% of the levels found in 1 972. 
90 137 
In milk produced in 1 973 the Sr and Cs levels were 30-50% lower 
than the 1 972 levels . In grain from 1 973 the levels were 50-70% of those in 
1972. 
90 The Sr levels in the total diet consumed in 1 973 were probably a little 1 37 lower than the 1 968-72 levels. The Cs levels were definitely lower than 
those of the previous y e a r s . 
90 The Sr concentrations in human bone were only a lit t le lower in 1 973 
than in 1 972. 
APPENDIX A 
Calculated Fall-out in the Eight Zones in 1973 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
VI: 
VII : 
V I I I : 
N. J u t l a n d 
E. Jut land 
W. Jut land 
S . J u t l a n d 
Funen 
Zealand 
L o l l a n d - F a l s t e r 
Bornholm 
A r e a - h e i g h t e d mean 
mm 
p r e c i p i t a t i o n 
i n 1973 
662 
560 
558 
630 
mCi 9 0 S r / k m ? 
in 1973 
0 . 2 0 
0 .18 
0 . 2 0 
0 .20 
Accumulated 
mCi 90Sr/km2 
by the end o f 
1973 (0 -30 cm) 
55 
16 
t8 
52 
The amounts o f p r e c i p i t a t i o n were obta ined from r e f . 9 , and from U. l 
and >t.2. 
APPENDIX B 
Statistical information 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
V I : 
V I I : 
V I I I : 
N, J u t l a n d 
E. J u t l a n d 
W. J u t l a n d 
S. J u t l a n d 
Funen 
Zea land 
Lol l a n d - F a i n t e r 
Bornholm 
T o t a l 
Area tn 
km2 
1 5 ) 1971 
6 , 1 7 1 
7 , 5 6 1 
1 2 , 1 0 1 
3 , 9 5 9 
3 , 1 1 6 
7 , 1 3 5 
1 , 7 9 S 
588 
0 3 , 0 6 9 
P o p u l a t i o n 
i n t h o u s a n d s 
I S ) 1971 
157 
«11 
661 
: ; 9 
131 
11% 
17 
1 , 9 5 0 
Annual mi lk 
p r o d u c t i o n 
i n mega-kg 
1 1 ) 1 9 7 1 
911 
1 , 2 5 8 
926 
572 
393 
395 
68 
39 
1 ,567 
Annual wheat 
p r o d u c t i o n 
i n mega-kg 
1 3 ) 1972 
V 115 
-* 
• • '»»« 
593 
Annual r y e 
p r o d u c t i o n 
i n w g a - k g 
1 3 ) 1972 
1 « 
71 
726 
Annual p o t a t o 
p r o d u c t i o n 
i n mega-kg 
1 3 ) 1972 
V e g e t a b l e 
acta in km 
1 3 ) 197? 
609 11 
TOO 
709 
73 
67 
1 , 3 1 5 , 0 0 0 p e o p l e were l i v i n g i n g r e a t e r Copenhagen and » 0 1 , 0 0 0 i n t h e r e m a i n i n g p*r» o f Z e a l a n d . 
APPENDIX C 
90 In 1 973 the agreement between predicted and observed Sr levels was 
as in 1 972 poor. The observed values were significantly grea ter than the 
predicted ones if the models from 1 970-71 shown in table C1 were used. If 
1 7i the models from 1 968 ' were applied the gap between observations and 
1 37 predictions was reduced markedly. As regards Cs the agreement be-
90 tween observations and predictions was in some cases bet ter than for Sr 
Table C 1 
90 A comparison between observed and predicted Sr levels 
in the human food chain in Denmark in 1973 
Sample and l o c a t i o n 
Milk f r o « J u t l a n d 
Hi lk f r o « t h e I s l a n d s 
Rye from J u t l a n d 
Rye from t h e I s l a n d s 
B a r l e y from J u t l a n d 
B a r l e y from t h e I s l a n d s 
Wheat from J u t l a n d 
' h e a t f r o « t h e I s l a n d s 
Oats from J u t l a n d 
Oats from t h e I s l a n d s 
P o t a t o e s from J u t l a n d 
P o t a t o e s from t h e I s l a n d s 
T o t a l d i e t from J u t l a n d 
T o t a l d i e t from t h e I s l a n d s 
Newborns' bone 
A d u l t s ' v e r t e b r a e 
Observed 
5 . 6 
3 . « 
86 
40 
61 
23 
83 
3K 
56 
26 
'».3 
3.1 
8 . 3 
6 . 9 
2 . 1 
1 ,6 
P r e d i c t e d 
5 . 0 
2 . 8 
14 1* 
20 
i n 
19 
60 
31 
31 
IS 
1 . 9 
0 . 9 
>>.7 
3 , 6 
0 . 7 
0 . 9 
E q u a t i o n u s e d f o r t h e p r e d i c t i o n 
S .U. = 1 . 0 - d « . , • 0 . * 7 d ( i T l ) • 0.?Mhyli^ 
S.U. • 0 . 7 8 d ( i ) • O . ^ d , . . ! , • U l ^ , . ! , 
S .U. = 2 0 « , , . . , • i . O S A ^ j . j , 
S .U . . 1 6 1 d ( j . a ) a U ^ , . . , , 
s.u. . • « „ _ , • i . w b y | i , , 
S.U. . 7 0 d ( j . a ) • l . S O A ^ , ^ , 
S .U . . 5 6 d ( j . a ) • O . - M ^ ^ , 
pCi 9 0 S r / k g -- 0 . 1 3 d ( . , • O . U ^ j . j , 
pCi 9 0 S r / k g = 0 . 1 8 d ( i ) • " • 0 6 2 * D y ( i . i ) 
S .U . t 0 , l 9 d , ( , • l . ? 6 d , , , , • 0 . 2 5 A t , . , , 
S .U . . 0 . 8 - d , . , • l . i 7 « c l . n • M l ^ j . , , 
s.u. . u w ^ i . , , • «.oi»d(1.7) • o-om^j.n 
S.U. . 0.nUMimli • 0 . 0 3 9 d ( i . „ • 0 . 0 $ 6 A b t f f l . n 
- J — 
P r e d i c t e d from 
196« m o d e l s 1 7 ' 
7 . 3 
55 
60 
7» 
»0 
3 . ? 
7 . 3 
1 .2 
1.8 
The p r e d i c t i o n a n d e l s were c a l c u l a t e d fro«) d a t a c o l l e c t e d i n 1 9 6 2 - 1 9 1 0 < f o r g r a i n 1 » 6 ? - 1 » 7 1 > 
d i s t h e f a l l - o u t r a t e i n mCi 9 B S r / k m 2 ( t a b l e i t . 1 . 1 ) . A i s t h e e s t i m a t e d , a v a i l a b l e , a c c u m u l a t e d 
f a l l - o u t in «Ci , 0 Sr / )<m J c a l c u l a t e d f o r a n e f f e c t i v e n a i f - l i f e o f , 0 S r i n t h e s o i l o f » y e a r s . 
(1> i t t h e c u r r a n t y e a r , l i - 1 ) t h e y e a r b e f o r e e t c . ( j - a ) i s J u l y - A u g u s t , 
93 
1 71 for the 1 971 models (table C2) as well as for the 1 968 models ' , but for 
potatoes, beef and oats the agreement was poor. 
90 We feel confident that the Sr in the soil is not made unavailable as 
fast as we thought in 1971 ' (i. e. with an effective half life of 4 years ) . We 
1 37 
also suspect some Cs to be taken up from the soil through the roots , 
e .g . in the case of potatoes. 
Table C 2 
137 
A comparison between observed and predicted Cs levels 
in the human food chain in Denmark in 1973 
Sample and l o c a t i o n 
Milk from J u t l a n d 
Milk from t h e I s l a n d s 
Rye from J u t l a n d 
Rye from t h e I s l a n d s 
B a r l e y from J u t l a n d 
B a r l e y from t h e I s l a n d s 
Wheat from J u t l a n d 
Wheat from t h e I s l a n d s 
Oats from J u t l a n d 
Oats from t h e I s l a n d s 
P o t a t o e s from J u t l a n d 
P o t a t o e s from t h e I s l a n d s 
Beef 
Pork 
T o t a l d i e t from J u t l a n d 
T o t a l d i e t from t h e I s l a n d s 
Whole body from t h e I s l a n d s 
Observed 
t . 6 
2 . 1 
18 
6 
12 
u 
7 
8 
12 
12 
6 . 6 
1 . 2 
18 
23 
17 
17 
11 
P r e d i c t e d 
2 . 3 
1 . 1 
12 
7 
9 
5 
8 
k 
8 
* 
1 . 7 
0 . 9 
9 
22 
17 
10 
11 
Equat ion used f o r t h e p r e d i c t i o n 
pCi 1 3 7 C s / g K » » . » S d ( i , « l . » 7 d ( i l ) 
' ° -
3 M ( i -2 ) 
pCi i 3 7 C s / g !C * 2 . 5 3 d ( i ) • 1 . 6 J d ( i _ n 
pCi 1 3 7 C , / k g = 1 3 1 d ( B . a ) 
pCi 1 3 7 C s , k g = 1 1 « , M ) 
pCi " 7 C s / k * = 9 2 d ( K . a , 
pCi 1 3 7 C s / k g = » 3 d ( . . a ) 
pCi 1 3 7 C s / k g = » 9 d ( m . a ) 
pCi » 7 C s / k K » 7 1 d ( M ) 
pCi 1 3 7 ' - s / k g = » l d ( m . a ) 
pCi 1 3 7 C s / k g = " d ( M ) 
pCi U 7 C s / k g = 5 - * d ( i ) 
pCi 1 3 7 C s / k g = * ' 3 d ( i ) 
pCi 1 3 7 C s / k g = 3 7 d { i ) • 5 . 2 d ( i . i ; 
pCi U 7 C s / k g = 3 7 d ( i ) • i ™ ( i _ u • S . 2 d ( i . 2 ) 
pCi 1 3 7 C s / d a y = 8 . 8 d ( i ) » l l d , ^ , 
• 6 . 1 d ( . . 2 ) 
pCi 1 3 7 C s / d a v = 7 - 3 d ( i ) • 1 1 ' M ( i - i ) 
*
 3
-
M < i - 2 ) • 
pCi 1 3 7 C s / g K = » • " ( i ) • » - ^ f i - i ) 
P r e d i c t e d f r o « 
1968 m o d e l s 1 7 ' 
».» 
10 
7 
6 
6 
1 .0 
"2 
" i 
15 
1*. 
The p r e d i c t i o n m o d e l s were f o r mi lk c a l c u l a t e d j'rom t h e d a t a c o l l e c t e d 19<2-19?f>, for g r a i n 1 1 * 7 - 1 9 7 1 , 
f o r p o t a t o e s 1 9 6 3 - 1 9 7 1 , f o r m e a t , t o t a l d i e t and w h o l e bodv 1 9 6 3 - 1 9 7 0 . 
aft 7 
( m - a ) i s Hay-August and t h e f a l l - o u t r a t e s a r « measured i n mCi Sr/km 
( c f . a l s o remarks t o t a b l e C I ) . 
: 
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